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Summary
In t h e  p r e s e n t  s t u d y ,  d i f f e r e n t  h i s t o l o g i c a l  s t a i n i n g  methods 
s p e c i f i c  f o r  B, A and D c e l l s  o f  t h e  p a n c r e a t i c  i s l e t s  were a p p l i e d .
The e f f e c t  o f  d i f f e r e n t  f a c t o r s ,  i n c l u d i n g  f i x a t i o n ,  pH, t e m p e r a t u r e  and 
t im e ,  were examined .  T h i o s u l f a t  ion o f  t h e  a ld e h y d e  f u c h s i n  p r o c e d u r e  
f o r  B c e l l s  and t h e  aqueous  s i l v e r  n i t r a t e  method o f  G r i m e l iu s  method 
f o r  A c e l l s  were found t o  be more s p e c i f i c  and reproduceàble  t h a n  t h e  
o t h e r  methods examined .
Toning o f  s e c t i o n s  w i t h  go ld  c h l o r i d e  p r e s e r v e d  t h e  s i l v e r  g r a i n  
f o r  s u b s e q u e n t  s t a i n i n g  w i th  a ld e h y d e  f u c h s i n  and a l l o w e d  t h e  s t u d y  o f  
bo th  A and B c e l l s  s i m u l t a n e o u s l y  in t h e  same s e c t i o n ,  by l i g h t  m ic r o s c o p y .
Immunof1u o r e s c e n t  and p e r o x i d a s e  l a b e l l e d  a n t i b o d y  methods were 
i n v e s t i g a t e d .  The immunoperoxidase method was found t o  be t h e  method o f  
c h o i c e  f o r  su b s e q u e n t  h i s t o l o g i c a l  s t u d i e s  o f  p a n c r e a t i c  i s l e t s .  In 
t h i s  method endogenous p e r o x i d e  : a c t i v i t y  was b locke d  w i t h  a 0 . 5% 
s o l u t i o n  o f  hydrogen p e r o x i d a s e  in m e t h a n o l .  The method used  i n c o r p o r a t e d  
b lo c k i n g  o f  non s p e c i f i c  t i s s u e  b in d in g  s i t e s  w i t h  normal se rum , i n c u b a ­
t i o n  w i t h  h igh  d i l u t i o n s  o f  a n t i s e r a ,  and e s t a b l i s h m e n t  o f  t h e  o p t im a l  
c o n d i t i o n s  f o r  t h e  h i s t o c h e m i c a l  r e a c t i o n  w i t h  t h e  s u b s t r a t e .
The method was m o d i f i e d  f o r  t h e  l o c a l i z a t i o n  o f  two ho rm o n e -p ro d u c in g  
c e l l s  in a s i n g l e  h i s t o l o g i c a l  s e c t i o n .  The f i r s t  a n t i g e n  was l o c a l i z e d  
by t h e  i n d i r e c t  method and t h e  a n t i s e r a  were removed from t h e  s e c t i o n s  
by e l u t i o n ,  l e a v i n g  t h e  c o lo u r e d  r e a c t i o n  p r o d u c t s  i d e n t i f y i n g  t h e  
a n t i g e n  s i t e s .  The second a n t i g e n  was l o c a l i z e d  s i m i l a r l y ,  u s in g  
s u b s t r a t e  t h a t  de ve lope d  a r e a c t i o n  p r o d u c t  o f  a d i f f e r e n t  c o l o u r .
The s e q u e n t i a l  t e c h n i q u e  was used i d e n t i f y i n g  t h e  f i r s t  c e l l  w i t h  
^C1 “ 1-naphthol .  The c o l o u r e d  r e a c t i o n  p r o d u c t  was p h o t o g ra p h e d  and
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removed by p l a c i n g  t h e  s e c t i o n s  in x y l e n e .  The f i r s t  a n t i s e r u m  was 
removed by e l u t i o n .  The s e c t i o n s  were t hen  s t a i n e d  f o r  t h e  second 
a n t i s e r u m ,  u s in g  t h e  same o r  d i f f e r e n t  s u b s t r a t e ,  and r e p h o t o g r a p h e d .
The c e l l u l a r  c o m p o s i t i o n  o f  t h e  p a n c r e a t i c  i s l e t s  in t h e  r a t ,  
mouse, r a b b i t ,  g u in e a  p ig  and man were i n v e s t i g a t e d  u s in g  t h e  immuno- 
c y to c h e m ic a l  t e c h n i q u e  t o  d e m o n s t r a t e  p a n c r e a t i c  i s l e t  ho rmones .  I t  
was shown t h a t  each  s p e c i e s  has  i t s  own s p e c i f i c  t o p o g r a p h i c  a r r a n g e ­
ment o f  c e l l s  w i t h i n  t h e  i s l e t s .  In a d d i t i o n  t o  i n s u l i n  and g lu c a g o n  
p r o d u c in g  c e l l s  (B and A c e l l s ) ,  i s l e t s  o f  Langerhans  c o n t a i n e d  o t h e r  
c e l l  t y p e s  which p roduce  s o m a t o s t a t i n  (D o r  A^  c e l l s )  and p a n c r e a t i c  
p o l y p e p t i d e  (PP c e l l s ) .  In a l l  s p e c i e s  examined B c e l l s  were  t h e  most 
numerous c e l l  t y p e .  Whereas B, A and D c e l l s  were found t o  be p r e s e n t  
in a l l  i s l e t s  t h r o u g h o u t  t h e  p a n c r e a s ,  t h e  PP c e l l s  were a b s e n t  in some 
o f  t h e  i s l e t s .  Whenever t h e  A c e l l s  were found ,  t h e y  were  accompanied  
by D ce l  I s .
G a s t r i c  i n h i b i t o r y  p o l y p e p t i d e  (GIP) (a member o f  t h e  f a m i l y  o f  
t h e  gu t  hormones)  was d e m o n s t r a t e d  in t h e  g a s t r o i n t e s t i n a l  t r a c t  o f  
d i f f e r e n t  s p e c i e s ,  i n c l u d i n g  t h e  r a t ,  mouse, r a b b i t ,  f e r r e t  and man.
In a l l  s p e c i e s  examined t h e  GIP immunoreac t ive  m a t e r i a l  was a l s o  found 
t o  r e s i d e  in t h e  g luca gon  c e l l s  o f  t h e  p a n c r e a s .  The im m unoreac t ive  
GIP was no t  o b s e rv e d  w i t h i n  g lucagon  c e l l s  o f  man.
P a n c r e a t i c  i s l e t  t i s s u e  from lea n  and o b e s e  mice  and Zuc ke r  r a t s  
o f  d i f f e r e n t  ages  were examined w i t h  h i s t o l o g i c a l  and immunocytochemical  
t e c h n i q u e s .  In a l l  o b e s e  a n im a ls  h y p e r p l a s i a  o f  B c e l l s  was o b s e r v e d .
No c o n s i s t e n t  changes  were no ted  w i th  g l u c a g o n ,  s o m a t o s t a t i n  o r  PP c e l l s  
in o b e s e  normaglycemic  a n i m a l s .  The number o f  g lu ca g o n  c e l l s  were 
i n c r e a s e d  in o b e s e  hy p e rg ly c e m ic  mice w i t h  57BL/6J b a c k g ro u n d .  The
: I I
q u a n t i t a t i v e  changes  were accompanied by q u a l i t a t i v e  o n e s ,  c o n s i s t i n g  
in a d i s p l a c e m e n t  o f  t h e  c e l l  p o p u l a t i o n s  from t h e i r  c h a r a c t e r i s t i c  
l o c a t i o n  in t h e  i s l e t .  The number o f  GIP c e l l s  f rom d i f f e r e n t  r e g i o n s  
o f  g a s t r o i n t e s t i n a l  t r a c t  in o b e s e  mice (57BL/6J) and Zucker  r a t s  was 
c oun te d  and compared w i t h  t h e i r  l e a n  1 i t t e r m a t e s .  No s i g n i f i c a n t  
d i f f e r e n c e  was o b s e r v e d .
The immunoreac t ive  GIP w i t h i n  g lucagon  c e l l s  o f  t h e  p a n c r e a s  showed 
no d i f f e r e n c e  between t h e  o b e s e  a n im a l s  when compared w i t h  t h e i r  l e a n  
l i t t e r m a t e s .  In an a t t e m p t  t o  p roduce  g lucagon  d e f i c i e n c y  in r a t s ,  t h e  
e f f e c t  o f  n e u t r a l  red and c o b a l t  c h l o r i d e  was s t u d i e d  and found t o  be 
i n e f f e c t i v e .  Ra ts  immunized a g a i n s t  g lucagon  were s t u d i e d .  The t i t r e  
o f  a n t i s e r a ,  t h e  l e v e l  o f  blood g l u c o s e ,  plasma FFA, t r i g l y c e r i d e  and 
i n s u l i n  were examined .  Glucose  and a r g i n i n e  t o l e r a n c e  t e s t s  and c y t o -  
l o g i c a l  e x a m i n a t i o n  o f  p a n c r e a t i c  i s l e t  c e l l s  were made. No s i g n i f i c a n t  
d i f f e r e n c e s  were found between t e s t  and c o n t r o l  a n i m a l s .  T h i s  was 
c o n s i d e r e d  t o  be due to  poor  a n t i s e r a  t i t r e .  Immunocytochemical  s t u d i e s  
o f  a human p a n c r e a t i c  i s l e t  c e l l  tumour were u n d e r t a k e n  and a D c e l l  
tumour ( so m a to s t a t i n o m a )  was o b s e r v e d .  T h i s  c a s e  had a d i f f e r e n t  c l i n i c a l  
p r e s e n t a t i o n  from t h o s e  p r e v i o u s l y  r e p o r t e d .  I t  was c o n c lu d e d  t h a t  t h e  
s o m a t o s t a t i n  s e c r e t e d  by t h e  tumour c e l l s  a r e  p h y s i o l o g i c a l l y  i n a c t i v e .
F i n a l l y  t h e  c e l l u l a r  c o m p o s i t i o n  o f  t h e  p a n c r e a t i c  i s l e t s  in two 
hypoglycemic  p a t i e n t s  was s t u d i e d .  One o f  them showed a normal i s l e t  
sys tem w i t h  an i n c r e a s e  in t h e  number o f  s o m a t o s t a t i n  and g lu c a g o n  c e l l s .  
The o t h e r  c a s e  was found t o  have abnormal f e a t u r e s  o f  p a n c r e a t i c  i s l e t  
c e l l s .  The i s l e t  c e l l s  were s e p a r a t e d  from each  o t h e r  and were  s c a t t e r e d  
among t h e  e x o c r i n e  c e l l s .
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CHAPTER 1
GENERAL INTRODUCTION
G enera l  In troduc t ion
S i n c e  the end of the las t  cen tu ry  , the  h i s to logica l  s tudy  of the p a n c r e a s  
h a s  been  c l e a r l y  o r i e n t e d  by the works  of Laguess  (1893) and D ia m a r e  (1899) (1)
The  i s l e t s  d i s c o v e r e d  by Langerhans  (1867) have  been coun ted ,  m e a s u r e d  
and s ta ine d  from the embryos  of lower v e r t e b r a t e s  to h ighe r  mammals .  The  
morpho logica l  ch a n g es  have  been  d e s c r i b e d ,  in the  d i f fe ren t  s p o n ta ne ous  o r  
experimenta l  phys io -pa tho log ica l  s t a t e s ,  du r ing  p r e g n a n c y ,  h i b e r n a t i o n ,  
s ta r  vat ion and e n d o c r in e  d i sequ i l ib r ium ( 1).
The  work of the p a s t  decade  has  r e v e a le d  the complexi ty ,  s t r u c t u r e  and 
funct ion of the  i s l e t s  of L a n g e rh a n s .  Dif feren t  a s p e c t s  of i s le t  o r g a n  must  now 
be  s tud ied  s e p a r a t e l y .
1:1 C om pa ra t ive  His tophys io logy  of the P a n c r e a t i c  I s l e t s
T he  evolut ion of s t r u c t u r e  and funct ion of the  i s l e t  o rg an  is i n c r e a s in g ly  
a f ru i t ful  f ie ld  fo r  r e s e a r c h  a c t iv i ty .  The  r e i n t e r p r e t a t i o n  of o l d e r  d a t a ,  and 
a num ber  of r e c e n t  f in d ings ,  leave  l it t le doubt that  in most  v e r t e b r a t e s  the 
i s l e t  is  the s o u r c e  of at leas t  four  hormones  (2,  3 ,  4 ,  5) and that  the r o l e  of 
insu l in  in the con tro l  of in te rm ed ia ry  metabol ism i n c r e a s e s  d u r in g  the evolut ion  
. of the (non avian)  t é t r a p o d e s  (5,  6 ).
A.  The  Embryo logica l  Or igin of the T i s s u e
F o u r  p o s s ib l e  embryological  o r ig i n s  of the is l e t  c e l l s  have  been  
su g g e s t e d  in r e c e n t  pub l ica t ions  (7):
(i) f rom mesode rmal  p r e c u r s o r s  (W esse ls ,  1968);
(ii) f rom the neura l  c r e s t  in common with c e r t a i n  e n d o c r in e  po lypep t id e  
c e l l s  ( P e a r s e  and P o la k ,  1971);
(iii) a common en todermal  o r ig in  with the m ajo r i ty  of p r o t e i n  s e c r e t i n g  
c e l l s  f rom a " v e r t e b r a t e  e n t e r o s e c r e t o r y  s y s tem "  whose  d e s c e n d a n t s  
include  e x o c r in e  and e ndoc r ine  c e l l s  in s e v e r a l  v e r y  d i f f e r e n t  
loca t ions  (Adelson,  1971);
(iv) a common entodermal  or ig in  with the e x o c r i n e  p a n c r e a s ,  with which 
the  e ndoc r ine  c e l l s  s h a r e  a " p ro to d i f f e r e n t i a t e d "  p h a s e  b e f o r e  a 
r e g u l a to r y  f a c t o r  c a u s e s  a d i f f e ren t i a t ion  into d i f f e re n t  e n d o c r i n e  
and e x o c r in e  c e l l s  (P ic te t  and R u t t e r ,  1972).
While P i c te t  and R u t t e r ' s  view is  in a c c o r d a n c e  with most  m o rp h o ­
logical  s t u d i e s  b e fo r e  1968, the h y p o these s  of P e a r s e  and P o l a k < (1971) 
and of Aldeson  (1971) a r e  suppor ted  by m o le c u la r  gene t i c  and c l i n ic a l  d a t a .  
I n the p a s t  few y e a r s  the concept ion of an amine and amine p r e c u r s o r  
up take and d e c a rboxy la t ion  cel I s e r i e s  h a s  been  widely a c c e p t e d  among 
i n v e s t i g a t o r s .
T h e s e  c e l l s  a r e  a group of apparen t ly  u n r e l a te d  e n d o c r in e  c e l l s ,  
some in en d o c r in e  g l a n d s ,  o t h e r s  in non e n d o c r in e  t i s s u e s ,  s h a r i n g  a 
number  of cytochemica l  and u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  (15,  16).
T h e s e  c h a r a c t e r i s t i c s  a r e  summarized  in T a b l e s  1.1 and 1 . 2 .  At the 
top of the l is t  (in T a b le  1 .1)  a r e  the t h r e e  c h a r a c t e r i s t i c s  f rom whose  
init ia l l e t t e r s  the name of the s e r i e s  is  d e r i v e d ,  amine and amine p r e c u r s o r  
upt ake  and d e c a rboxy la t ion  (APUD).
It i s  pos tu la ted  that  the v a r io u s  c h a r a c t e r i s t i c s  r e f l e c t  the p ro d u c t io n  
and s t o r a g e  of hormone  p r e c u r s o r  p r o t e i n s  which have  a p redom inan t ly  
random coil  con format ion (8 ) .
Accord ing  to t h i s  c o n c ep t ,  all e ndoc r ine  c e l l s  sy n th e t i s in g  po ly ­
pep t ide  ho rm ones  deve lop from the e lements  of the  embryonic  n e u r o ­
ec to derm  ( 8 ) .  The  i s l e t  c e l l s  of the p a n c r e a s  a r e  c o n s i d e r e d  to be  of 
t h is  same  s e r i e s  of APUD c e l l s .
The  s tu d i e s  of g r oups  of i n v e s t iga to r s  (9 ,  10) and the in te g ra t io n  of 
t h e i r  f indings  with biochemical  and m olecu la r  gene t i c  d a ta  on g a s t r o i n t e s t i n a l  
ho rm ones  ( 11) sugges t  a common a n c e s t r y  of both the g a s t r o in t e s t i n a l  and 
i s le t  ho rm ones  from one o r  m ore  v e ry  la rge  p r e c u r s o r .  G
Against  the background  of t h es e  d i s c o v e r i e s ,  some old and new 
f ind ings  on the evolut ion of both s t r u c t u r e  and funct ion of the  i s l e t s ,  r a i s e  
c ha l l eng ing  ques t ions  fo r  f u r t h e r  inves t iga t ions .
B .  On togen ic -Phy logene t ic  Or ig in  of P a n c r e a t i c  I s le t
The  o r ig in  of i s le t  a p p a r a tu s  dur ing  phylo and ontogeny  is  the most  
impor tan t  prob lem to be  d i s c u s s e d .
No s t r u c t u r e  com parab le  to the p a n c r e a s  is  found among the i n v e r t e b r a t e s
(12).  In the ammocoetes  l a rva  of the l am prey ,  small  c l u s t e r s  of c e l l s
TABLE 1 .1
Cytochemical ch a ra cter is tic s  o f polypeptide  
hormone-secreting’ c e l l s  o f  the APUD se r ie s
(a) 1 . Pluorogenic amine content (catecholam ine, 5-HT  ^
or oth er); a , primary; h. secondary nptalie.
Amine precursor uptake ( 5-HTP BOPA).
Amino acid  decarboxylase.
High s id e  chain carboxyl or carboxyamide.
(masked me tachromasia )
5* High non s p e c if ic  esterase  or cholines tera se .
(or both)
6 . High a-GPB (a-glycerophosphate menadione red u ctase).
7 . S p ec if ic  immunoflucrescence.
^5-HT, 5-hydroxytryptamine; 5-HTP, 5-hydroxytryi) tophan; 
BOPA, dihydroxyi)henylalanine ; a-GPB, a-glycerophosphate 
dehydrogenase. (15)
TABLE 1.2
U ltrastru ctu ra l ch a ra cter is tic s  o f  
p olyp ep tid e-secretin g  APUB c e l l s
1. Lov7 le v e ls^  o f  rough (g ran u la r) endoplasm ic 
re ticu lu m .
2. High le v e ls  o f smooth endoplasmic reticu lum , 
as v e s ic le s .
5* High content o f free  ribosomes.
4* E lectron-dense, f ix a t io n - la b ile  m itochondria.
5* Prominent micro tubules, centrosomes.
6. Utendency to produce fin e  protein  micro f ib res  
(e s p e c ia lly  vïhen n e o p la s t ic ) .
7 . Membrane-bound secretio n  v e s ic le s^ , b e st  preserved  
by glutaraldehyde; varying density; average 
s iz e  100 -  200 mu.
^In storage phase (usual s t a t e ) .
These are round in  every case except in  the en tero -  
chromaffin (argen taffin ) c e l ls  o f some mammalian 
sp ecies  where they are predominantly oval in  
s e c t io n . (15)
d e s c r i b e d  a s  an is l e t  t i s s u e  a r e  found in the submucosa  of the in te s t ina l  
wall at  the junct ion  of the foregut  and midgut (12).  F in e  g r a n u la te d  
epi the l ia l  c e l l s  have a l s o  been r e p o r t e d  in the p o s t e r i o r  p a r t  of the 
middle  gut of Branch io s toma  lanceolatum (13).
T h e s e  f indings  a r e  in agreement  with the t h eo ry  (14) a c c o r d in g  to 
which t h e s e  c e l l s  p roduce  the p r o te i n  with d i su lph ide  bonds  " p r o t o p r o ­
in su l in"  and s e c r e t e  it into g a s t r o in t e s t i n a l  cav i ty  t o g e th e r  with o t h e r  
e n z y m e s .  The  f ragm en ts  of " p ro to p ro in s u l in "  a r e  a b s o r b e d  from the  gut 
c av i ty  into the b lood ,  where  they manifes t  i n su l in - l ike  a c t i v i t y .
S i m i l a r  c e l l s  a r e  found in gut epi thel ium of P e t ro m y z o n e s  and 
Mvxine V j and in the b i le  duct epi thelium of Mxine g lu t inosa  (17), 
sugge s t in g  d i f fe ren t  p o s s i b i l i t i e s .
F u j i t a  poin ted  them out a s  " t a s t e  c e l l s  in g u t " ,  which may be  c o n ­
s i s t e n t  with a neura l  c r e s t  o r ig i n ,  while Ger lov in  (13) c o n s i d e r e d  t h e s e  
c e l l s  to be  most  p robab ly  d e r iv e d  from gut endode rm .
In i s l e t  evolut ion a monohormonal is le t  o rg an  a p p e a r e d  in the e a r l i e s t  
v e r t e b r a t e s ,  i . e .  cyc los tomes  (18) .  A wea l th  of da ta  s u g g e s t s  that  in su l in  
is  the only i s le t  hormone in cyc lo s tom es  (19).  Th is  i n t e r p r e t a t i o n  of 
i s l e t  evo lu t ion ,  h o w e ve r ,  left an u n s a t i s f a c to r y  gap be tw een  the o c c u r r e n c e  
of hormone  mem bers  of the g lucagon family ( i . e .  s e c r e t i n )  in the i n t e s t i n e  
and the a p p e a r a n c e  of p a n c r e a s  glucagon in the c h o n d re c h th y e s  ( 6 ) .
T h i s  prob lem is e s pec ia l ly  emphas ized  by the r e c e n t  d i s c o v e r y  of p a n c r e a s -  
type glucagon in the mammalian s tomach (20,  21) .  T h e s e  d i s c o v e r i e s  w e r e  
c o n s i d e r e d  (6 ) to indicate  e i t h e r  that  p a n c r e a t i c - t y p e  glucagon a c tu a l ly  
deve loped  tw ice ,  o r  p e r h a p s  m ore  p l a u s ib ly ,  that  the A c e l l s  left the  
in te s t i n e  l a t e r  than the B c e l l s ,  p e r h a p s  t o g e t h e r  with the e x o c r i n e
p a n c r e a s .  H o w e v e r ,  s t u d i e s  of Epple  and B r in n  (6 ) in P e t ro m y z o n
m ar in u s  su g g e s t  that  the i s le t  o rgan  of the e a r l y  v e r t e b r a t e s  a l r e a d y  had 
s e v e r a l  f u n c t iona l ly  independent  ce l l  types b e s id e s  B c e l l s ;  the p o o r ly  
deve loped  i s l e t  o rgan  of most  of the living cyc los tom es  may be  a ne o tenous  
phenomenon.
C .  The  R e la t ionsh ip  Between  the  I s l e t  T i s s u e  
and the E x o c r in e  P a n c r e a s ________________
(i) On togen ic -phy lo gene t i c  r e l a t ionsh ip  be tween  e x o c r i n e  and e n d o c r in e  
p a n c r e a s :
Ontogenic  and phylogene t ic  re l a t ionsh ip  be tw een  e x o c r i n e  and e n d o c r in e  
p a n c r e a s  is l e s s  c o n t r o v e r s i a l  than the e a r l y  embryology of the 
e n d o c r in e  p a n c r e a s .  The  p ro l i f e r a t i o n  of is le t  t i s s u e  from small  
d u c tu le s  of the p a n c r e a s  unde r  c e r t a i n  p r e  and pos t  natal  cond i t io ns  
h a s  been  r e p o r t e d  (22,  23) .  In f ac t ,  most  s tu d i e s  of i s le t  deve lopment  
sugge s t  that is le t  formation  t ake s  p lace  in the r e g i o n s  a d ja c e n t  to the 
p a n c r e a t i c  duc ts  (24).  H ow e ver ,  t h e r e  is  no ev idence  that  they 
o r ig in a te  f rom e x o c r in e  acini  ( 6 ) .  The  common o r ig in  of e n d o c r i n e  
and e x o c r in e  c e l l s  f rom the gut endoderm du r in g  phylo and ontogeny  
is  open to ques t ion  at p r e s e n t .  The finding of mixed"  ( e x o - e n d o c r i n e ,  
a c in o - in s u l a r )  c e l l s  (25, 26) is the bes t  morpholog ica l  s u p p o r t  fo r  
th i s  v iew .  H ow e ver ,  at  the same t ime, some i n v e s t ig a t o r s  c o n s i d e r e d  
the "mixed c e l l s "  to be  a r t i f a c t s  (27) and o t h e r s  su g g e s t e d  that  they 
r e s u l t  f rom the fusion  of neighbouring  c e l l s  (28,  7) .  H o w e v e r ,
GeirJovin (1977) and Yaglov (1977) (13,  26) d e s c r i b e d  t h e s e  c e l l s  a s  
r ea l  and not an a r t i f a c t .
The  mixed c e l l s  which con ta in  zymogen g r a n u l e s  and e n d o c r i n e  g r a n u l e s  
(A,  B o r  D g ranu le s )  have been  found in adul t  fo rm s  in all c l a s s e s  of
v e r t e b r a t e ,  but m ore  f requent  in the amphibian p a n c r e a s  (13) .
Yaglov (13) s ta t e d  that  the d iffe ren t  type a c i n a r - i s l e t  c e l l s  in the 
v e r t e b r a t e  p a n c r e a s  can  c o r r e l a t e  with the p r o p o r t i o n  of A and B 
c e l l s  in p a n c r e a t i c  i s l e t s  in h igher  an im a ls .
The e x i s t e n c e  of "mixed c e l l s "  in human embryonic p a n c r e a s  is of 
g r e a t  theo re t i c a l  and phylogene t ic  i n t e r e s t  ( 3 0 ).
The  pos s ib i l i ty  of a c i n o - i n s u l a r  t ra n s fo rm a t io n  d u r in g  experimenta l  
condi t ion  h a s  been  d e s c r i b e d  a l so  (26).  H o w e v er ,  most  i n t e r e s t i n g  
ev idence  f o r  mixed e ndoc r ine  and ex o c r in e  p a n c r e a s  c e l l s  h a s  been  
r e p o r t e d  in Sp iny  Mice with s e v e r e  and p ro lo nged  hype rg lycem ia  and 
k e to s i s  and in many an imals  with l e s s  s e v e r e  d e g r e e s  of h y p e rg ly c e m ia ,  
but v e r y  r a r e l y  in normoglycemic an imals  (25).
While t h e r e  is not enough ev idence  so  f a r  to p ro v id e  a s a t i s f a c t o r y  
a n s w e r  fo r  fo rmation  o r  funct ion of mixed c e l l s ,  Ge r lov in  (13) 
hypo thes ized  that  in mixed c e l l s  t h e r e  a r e  e x p r e s s e d  gene  s y s t e m s  
which d e te rm ine  both the zymogen s y n th e s i s  and the insu l in  s y n th e s i s  
and such  p r o c e s s e s  lead to the formation  of "mixed c e l l s "  con ta in in g  
zymogen and B g r a n u l e s .  Yaglov (26) s u gge s te d  that  mixed c e l l s  a r e  
a spec ia l  type of p a n c r e a t i c  c e l l s  which may have  the ab i l i t y  to s e c r e t e  
into the blood s t r e a m  p a n c re a t i c  enzymes a s  well a s  ho rm ones  fo r  the 
m ain tenance  of the h om eos ta s i s  of in terna l  env ironment  of the an im al .  
Th i s  view made it p o s s ib l e  to be l i eve  (13,  26) that  the o r ig in  of 
p a n c r e a t i c  epi thel ium du r ing  phylo and ontogeny is f rom the ge rm  of 
gut endoderm . H o w e v e r ,  so  f a r  n e i th e r  experimenta l  n o r  u l t r a -  
s t r u c t u r a l  s tud ie s  h a s  p rov ided  a s a t i s f a c t o r y  a n s w e r  a s  the e a r l y  
embryological  o r ig in  of the i s l e t s .
(ii) Func t iona l  r e l a t ionsh ip :
R e g a r d l e s s  of the ontogenic  and phylogénie  r e l a t i o n s h ip  be tw een  the 
i s l e t s  and the e x o c r in e  p a n c r e a s ,  the ques t ion  a r i s e s  of the p o s s ib l e  
funct ional  s ig n i f ic ance  of the inte rmingl ing of both t i s s u e s .
It is  important  to reca lI  that  even in t e l e o s to  t h e r e  is no documented  
c a s e  w h e re  is le t  t i s s u e  is without contac t  with the e x o c r i n e  t i s s u e  (6 ).  
F e r n e r  (1957) sug g e s t e d  that  d i ssem in a t ion  of the i s l e t s  within the 
e x o c r i n e  t i s s u e s  fo l lows the local supply of ho rm ones  (7).
Epp le  and B r in  (29) poin ted  out that  the main advan tage  of the  a s s o c i a ­
t ion of i s le t  t i s s u e  with the ex o c r in e  p a n c r e a s  is  the  g u a r a n t e e  that  
the is le t  ho rmones  will be  t r a n s p o r t e d  quickly to the l iv e r  without 
f u r t h e r  di lut ion  in the  sys tem ic  c i r c u l a t i o n .  A funct ional  i n t e r a c t io n  
be tw een  i s l e t s  and e x o c r in e  p a n c r e a s ,  if it i s  of s ig n i f i c a n ce  at  a l l ,  
would then be  m ere ly  a b y - p roduc t  of th is  a s s o c i a t i o n  
The  v e r y  uneven i s le t  d i s t r ib u t io n  in lung f i s h e s ,  a c t i n o p te r y g ia n s  
and some s a u r o p s i d a  c e r t a i n l y  d i s c o u r a g e s  spe cu la t ion  about  a b a s i c  
funct ional  p r in c ip le  behind the a s so c i a t i o n  of i s l e t s  and e x o c r i n e  
p a n c r e a s  (7, 29) .
Two r e c e n t ly  d i s c o v e r e d  s u b s t a n c e s ,  som a tos ta t in  and " A P P "  (avian 
p a n c r e a t i c  po lypep t ide ) , h o w e v e r ,  r a i s e  some p e r t i n e n t  q u e s t i o n s .
It h a s  long been  known that  the acini  in the immediate  ne ighbourhood  
of the i s l e t s  s ta in  d i f fe ren t ly  f rom the r e s t  of the e x o c r i n e  t i s s u e ,  
forming s o - c a l l e d  "zymogen mant le s"  (30).  Such  zymogen m an t l e s  
have  been  d e s c r i b e d  fo r  mammals ,  b i r d s  and a l s o  in the eel (7).
S i n c e  the e x o c r in e  nuclei  at the p e r i p h e r y  of both A and B i s l e t s  of 
the duct  a r e  e n l a r g e d ,  Wallgren and Hei lman (31) s u g g e s t e d  that
1 0
i s l e t  ho rm ones  have a s t im u la to ry  effect  on the ne ighbour ing  e x o c r i n e  
p a re n c h y m a .  The d i s t r ibu t ion  of som a tos ta t in  wide ly in o th e r  t i s s u e s  
in addi t ion  to i s l e t s  (31) leave  the pos s ib i l i ty  that  som a tos ta t in  may 
m e r e ly  be  an i n t r a c e l lu l a r  s u b s t a n c e  r e s p o n s i b l e  fo r  the formation  
of the p e r i - i n s u l a r  zymogen m an t le s .
While the po s s ib l e  effect  of som a tos ta t in  on the e x o c r i n e  c e l l s  might 
be  phy logene t ica l ly  de te rmined  r a t h e r  than a b a s ic  funct ional  phenomenon ,  
the d i s t r ib u t io n  of the P P  c e l l s  was  thought  (6 ) to be  a t ru ly  funct ional  
in te r a c t io n  with the ex o c r in e  p a n c r e a s .  Both in avi^nand in some mammalian 
p a n c r e a s ,  t h es e  c e l l s  a r e  s c a t t e r e d  ou ts ide  the i s l e t s  p r o p e r  a s  
individual  c e l l s  and in small g roups  (32).  Thus  a s pe c i f ic  p a n c r e a t i c  
effec t  of P P  could be mediated by v a s c u l a r  a s  well a s  by an i n te r c e l  l u l a r  
r o u t e .
D.  C om para t ive  A s p e c t s  of Is l e t  Phys io logy
(i) Quan t i t a t ive  is le t  changes :
A c o r r e l a t i o n  of the is le t  weight  with the body weight  would be  v e r y  
di ff icul t  in most  s p e c i e s ,  mainly b e c a u s e  of the g r e a t  v a r i a t i o n  in fat  
d e p o s i t s .  T h u s ,  fo r  example,  in h ibe rna t ing  mammals l a r g e  amounts  
of fat  a r e  depos i t ed  in the f a l l .  In b i r d s ,  t h e r e  a r e  g r e a t  s e a s o n a l  
v a r i a t i o n s  of the fat s t o r e s  in a d ipose  t i s s u e ,  l ive r  and m u s c l e s  (34) 
depend ing  on the m ig ra to ry  ha b i t s  of the s p e c i e s  o r  s u b s p e c i e s .
In b i r d s ,  r e p t i l e s ,  amphibians  and t e l e o s t s ,  the s e a s o n a l  c h a n g e s  
of the gonadal weight (espec ia l ly  the o v a r i e s )  add a n o th e r  d if f icu l ty  (7).  
T h u s ,  it was  conc luded that the ava i l ab le  quan t i ta t iv e  da ta  on the i s l e t  
total  m as s  did not encou rage  any conc lus ion  c o n c e r n in g  the b io log ica l  
r o l e  of the i s l e t s  .
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(ii) Qual i t a t ive  is l e t  changes :
Qual i t a t ive  is le t  changes  unde r  non pa tho logical  cond i t ions  have  be e n  
s tud ied  mainly in r e l a t i o n  to age ing  and to even ts  of the annual c y c l e ,  
such  a s  h ibe rna t ion  and migra t ion  (7).  C onc e rn ing  the funct ion  of 
is l e t  h o rm o n e s ,  only l i t t le  can  be l ea rned  from the a v a i l ab l e  da ta  a s  
some of th is  da ta  did not d i f f e re n t i a t e  be tw een  A and B c e l l s  .
It a p p e a r s  that much of the r e s e a r c h  in the p a s t  was  too s t r o n g l y  
b i a s e d  by the  d ram a t ic  e f fec ts  of insu l in  de f ic iency  in mam mals ,  and 
a s  a c onseque nc e  most  experimental  i n v e s t i g a t o r s  into lower  v e r t e b r a t e s  
looked fo r  the most  obvious symptom of human d i a b e t e s ,  i . e .  h y p e r ­
g lycem ia .
Now it s e em s  that  most  of t h es e  i n v e s t i g a t o r s  ig nored  a d e c i s i v e  h i s t o -  
phys io logica l  phenomenon:  the l a r g e  amount of A c e l l s  in the 
inconsp icuous  sp len ic  lobe of b i r d s  (1).  As it h a s  been  shown (1 , 12), 
a t ru ly  total p a nc rea tec tom y  c a u s e s ,  at  leas t  in du c k s  and g e e s e ,  a 
hypoglycemic tendency  r a t h e r  than hyperg lycemia ;  and s i n c e  the av ian  
ad ipose  t i s s u e  is obviously insul in  i n se ns i t ive  but  v e r y  g lucagon  
s e n s i t i v e  (35), the e s t a b l i she d  te rm  d i a b e t e s  m el l i tus  shou ld  be  
r e s t r i c t e d  (6 , 7) to the s e q u e l a e  of insul in  de f i c ie nc y  in mam mals .
The r o le  of endogenous glucagon in lower v e r t e b r a t e s  a l s o  r e q u i r e s  
an unbiased c o n s id e r a t io n ;  in Xendon m e r r e m i , a c o l u b r i n e ,  p a n c r e a ­
tectomy f i r s t  c a u s e s  a t r a n s i t o r y  hypoglycemia fol lowed by a l a r g e  
h yperg lycem ia  (36).
L iz a rd s  with a high r a t io  of A c e l l s  (1) a r e  r e m a rk a b l y  s e n s i t i v e  to 
glucagon  and r e s i s t a n t  to in su l in .  A dm in is t ra t ion  of l a r g e  d o s e s  of 
insul in  fo r  s e v e ra l  days  c a u s e s  d e g ra nu la t ion  of B c e l l s  and an 
i n c r e a s e  in g r a n u le s  of the A cell  cy to p lasm.
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The  f inding in pa n e re a te c to m iz e d  e e l s  indicated an important  r o le  
of the i s le t  o rgan  in osm oregu la t ion ,  mainly in the  adap ta t ion  to s e a  
w a t e r  (6 ).
Until r e c e n t l y ,  the ro le  of the p a n c r e a t i c  is l e t  a s  an  e x c lu s iv e  key 
o r g a n  of in te rm ed ia ry  metabol ism a p p e a r e d  almost  a s  an uns h a k ab le  
f a c t ,  though v a r io u s  e ff ec ts  of insu l in  and glucagon on the e l e c t r o l y t e  
metabol ism had been r e p o r t e d  by a number of i n v e s t i g a t o r s .  The  
impor tance  of the i s le t  o rg an  fo r  the  osmoregu la t io n  of the eel  s e e m s  
to be  accompanied by the much r ed u c e d  impor tance  of insu l in  fo r  the 
in te rm e d ia ry  metabol i sm.
In the p a nc rea tec tom ized  e e l ,  t h e r e  is  e i t h e r  a non s p e c i f i c  o r  
t r a n s i t o r y  hype rg lycem ia ,  no i n c r e a s e  in se rum  fat ty  a c id s  o r  
c h o l e s t e r o l ,  and no b r e a k  down of ad ipose  t i s s u e . H o w e v e r ,  one 
p a r a m e t e r  which did i n c r e a s e  in a s im i l a r  m anne r  to mammals  was  
s e rum  amino acid n i t rogen  (6 ) .  While in s h o r t ,  p a n c r e a t e c to m iz e d  
mammals r evea l  the di abe t ic  symptoms of h y p e rg ly c em ia ,  lo s s  of 
l ive r  g lycogen,  hype r l ipem ia ,  h y p e r c h o l e s t e r o l e m i a , a d ip o s e  t i s s u e  
b r e a k  down and fat ty l iv e r  a r e  c a u s e d  by the a b s e n c e  of in su l in  a n d / o r  
the u n r e s t r a i n e d  o v e r s e c r e t i o n  of p a n c r e a s - t y p e  g lucagon from the 
in te s t ina e  (20).  T he se  d i f f e r e n c e s  sug g e s t e d  a c o n s i d e r a b l e  phy lo ­
gene t i c  shift  in the funct ion(s)  of the i s le t  o r g a n ,  f rom a dual  funct ion  
in both in te rm ed ia ry  metabolism and osmoregu la t io n  in low er  fo rm s  
to an overwhelmingly in te r m e d ia r y  metabol ic  one in t e t r a p o d s  (6 ) .
In b i r d s ,  th is  shift  seem s  to be accompanied by an i n c r e a s e  in the 
impor tance  of glucagon,  while  in the o t h e r  t e t r a p o d s ,  p e r h a p s  with 
the excep t ion of c e r t a in  r e p t i l e s ,  th is  shif t  is due  to an i n c r e a s e  of 
i n su l in .  T hese  phylogénie  sh i f t s  in f avour  of insu l in  o r  g lucagon  a r e  
r e f l e c t e d  in the high p e r c e n ta g e  of A c e l l s  in b i r d s ,  and B c e l l s  in 
mammals .
1:2 The  S t a t u s  of i s l e t  C e l l s
The  hi s to log ica l  p r o p e r t i e s  of is l e t  c e l l s  a r e  d i s c u s s e d  in de ta i l  in 
C h a p t e r  2 .  H ow e ver ,  fo r  the introduc t ion a d e s c r i p t i o n  of some of the h i s t o ­
logical  c h a r a c t e r i s t i c s  of the d if fe ren t  i s le t  c e l l s  a p p e a r e d  in d i s p e n s ib l e .
In the i s l e t s  of Langerhans  t h e r e  a r e  d i f fe ren t  types of e n z y m e s ,  h o r m o n e s ,  
m e t a l s ,  monoamines and l ip ids ,  confirming t h e i r  d i f f e re n c e  from the a c i n a r  c e l l s .  
Both fundamental  types  of c e l l s ,  i . e .  A and B c e l l s ,  p r e s e n t  d i f f e ren t  enzymic 
a c t i v i t i e s ,  which a r e  modified in experimenta l  cond i t ions  (1, 37) .  B c e l l s  a r e  
r i c h  in d i su l f ide  g r oups  and the amino acid c y s t i n e ,  which is  p e c u l i a r  to the 
insul in  m olecu le ,  while A c e l l s  a r e  r i c h  in t ry p topha n ,  an amino ac id  p e c u l i a r  
to g lucagon .
T h e r e  is  confusion concern in g  the d i s t r ib u t io n  of z inc in i s l e t  c e l l s .  The  
r e a c t i v i t y  of A c e l l s ,  a s  well a s  B c e l l s ,  fo r  z inc a s  d e m o n s t ra t ed  by the 
di thizonium re a c t io n  (38) is ex tr emely  v a r i a b l e .  In some an im als  the  B c e l l s  
r e a c t  s t r o n g ly  (man, m ouse ,  r a b b i t ,  dog and p ig ) .  In the r a t ,  the  A c e l l s  c on ta in  
m ore  z inc  than B c e l l s  (19, 39) .  In the guinea  p ig ,  sheep  and c a t t l e ,  the A a s  
well a s  B c e l l s  con tain no hi s tochemical  I y de tec table  z in c .  H o w e v er ,  t h i s  nega t ive  
r e a c t i v i ty  of d i t h izone (39) may be the r e s u l t  of z inc being  p r e s e n t  in a bound 
a n d / o r  masked fo rm .
A.  B e ta  C e l l s
I. His tological  c r i t e r i a :
These '  a're the; only i s l e t  c e i l s  whoèeis taan ihg  charac. tér is t i>es sëem  to 
be almost a g re e d  upon.  The  B cel Is s t a i n ,  a f t e r  ox ida t io n ,  with 
aldehyde  fuchs in  (40) and a ldehyde  thionine  (41) .  When p s e u d o i s o -  
cyan in e  is applied a f t e r  ox ida t ion ,  they a l s o  s t a in  m e ta c h r o m a t i c a l ly  
and give u . v .  f lu o r e sc e n c e  (42).  Toluidlne b lue  h a s  a l s o  been  r e p o r t e d
to s t a in  be ta  c e l l s  m e tach rom at ica l ly  a f t e r  oxidat ion (43) .  The  
be ta  c e l l s  a r e  not ac idophi l ic  and a r e  not a rg y r o p h i l i c  with the 
method of H e i lm a n an d H e l l e r s t ro m  (44) and G r im e l iu s  (45).  
h L  S e c r e t o r y  product  of B c e l l s :
Usi.ng Jmrai^bocytocbemtGa};.téçhniques; i t  i s  w e lL e s ta bJ I she d  that  
insul in  is the p roduct  of be ta  c e l l s  in a wide v a r i e ty  of s p e c i e s  (2 ,  54) ,  
It seem s  inc re as ing ly  c l e a r  that insul in  is  a hormone  which d o e s  not 
o c c u r  exc lus ive ly  in v e r t e b r a t e s .  S e v e r a l  independent  r e p o r t s  now 
ex is t  giving evidence  of insu l in  p roduc t ion  in many i n v e r t e b r a t e s  a s  
we l l ,  including p r im it ive  c h o r d a t e s ,  m o l lu s c s ,  ec h in o d e rm s  ( s t a r f i s h )  
and p e r h a p s  even in some i n s e c t s  (47,  48) .
(a) C he m is t ry  of insul in:
Insu l in  de rv id e d  from bovine p a n c r e a s  h a s  a m o le c u la r  weight  
of 5 ,7 3 4  and is composed  of two polypep t ide  c h a in s  d e s i g n a t e d  
A and B .  The A cha in  h a s  21 amino ac id  r e s i d u e s  and the  B 
cha in  has  30.  The  c ha in s  a r e  connec ted  to e a ch  o t h e r  by 
d i su l f ide  bonds be tw een  c y s te in e  r e s i d u e s  at A -7  and B - 7  
pos i t ions  and at  the A - 2 0  and B -1 9  p o s i t i o n s .  The  A c h a in  
a l s o  h a s  a d isu lf ide  r ing  be tw een  c y s te in e  r e s i d u e s  at  A - 6  and 
A-11 ( F ig .  1 .1) (46).  S t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n d ic a te  
that  the amino acid  composi t ion of th is  d i su l f id e  r in g  is  not 
c r u c i a l  to the ac t iv i ty  of the p a r e n t  molecu le;  in f ac t  it i s  one 
of the points  of s p e c i e s  v a r i a t i o n  (46).  Mammalian in su l in  w as  
thought  to d i ff e r  only in the  A chain ;  the B cha in  is  common to 
all mammals .  Th is  is  so  in the p ig ,  dog and w ha le ,  but  in some 
s p e c i e s  small d i f f e r e n c e s  have  been  o b s e rv e d  (1).  The  fo rm u la
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F ig . 1 .1  The amino acid sequence o f  porcine pancreatic  p ro in su lin ,
Ihe pro in su lin  molecule contains w ithin i t  the A and B 
chains o f in su lin . 15ie molecular weight o f  porcine  
p roin su lin  is  9,082 (422).
of the insul in  A and B c h a in s  w e r e  compared  by T oung ,  in y/  ' ' * f/x
mammals and f ish ( 1) and it was  found tha t ,  a l though  they  have  
in su l in - l ike  a c t i v i t i e s  which,  t e s t e d  on mammals ,  a r e  of the 
same o r d e r ,  th is  insu l in  had v e ry  d i ff e ren t  amino ac id  com pos i ­
t ions  and w e re  a l so  immunological ly d i f fe ren t  ( 1) .
The  amino acid s e q u en c e  of hagfi sh  insul in  h a s  p r o v e d  to 
be of c o n s id e r a b l e  i n t e r e s t ,  s in c e  it i s v e ry  d i f f e re n t  f rom any 
o th e r  known insul in  (48).  Almost  half  of the r e s i d u e s  d i f f e r  
f rom those  found in human insu l in ,  and among the  c h a n g e s  is  
the rep lacement  of h i s t id ine  at  B -10  by a s p a r t i c  a c id .  Although 
it was r e p o r t e d  that  hagf ish is le t  be ta  c e l l s  c on ta in  z inc  d e s p i t e  
th is  r ep lacement  (47), S t e i n e r  (48) accounted  f o r  t h i s  c r u c i a l  
subs t i tu t ion  by the lo ss  of z inc binding in c r y s t a l l i z a t i o n .
(b) B io s y n th e s i s  of insul in:
Beginning from a s e r i e s  of o b s e rv a t io n s  on an i n s u l i n - l i k e  
p r o te in  of h igher  m o le c u la r  weight  de te c te d  in a human i s l e t  cell  
adenoma,  a sys temat ic  s tudy  of insul in  b io s y n t h e s i s  and of the 
minor  components  of c r y s t a l l i n e  insul in  p r e p a r a t i o n s ,  h a s  led 
to the iso la t ion and s t r u c t u r a l  e luc idat ion  of insu l in  p r e c u r s o r s  
f rom p o rc in e  and bovine p a n c r e a s  (49,  50) .  S i m i l a r  fo rm s  have  
been  de te c te d  in r a t  and human insul in  p r e p a r a t i o n s  (51 ,  52) .
Biosyn the t ic  s tud ie s  with cod f ish i s l e t s  and foetal  c a l f  p a n c r e a s  
have  p rov ided  addi tional ev idence  fo r  a p r e c u r s o r  of in su l in  (53).  
P r o in s u l in  c o n s i s t s  of a s in g l e  polypept ide cha in  r an g in g  in s i z e  
f rom 81 (beef) to 84 (pork)  r e s i d u e s  which include  the  B ch a in  
s e q u e n c e ,  compr is ing  the am ino- te rm ina l  p o r t i o n ,  and the  A cha in
s e q u e n c e ,  compr is ing  the c a r b r o x y i - t e r m i n a i  p o r t i o n  of the 
cha in  ( 53)* Joining the s e q u e n c e s  is a connec t ing  pep t ide  
segment  of about 30 r e s i d u e s  in length.  An i n t e r e s t i n g  f e a t u r e  
of the p r o in su l in  f rom many mammalian s p e c i e s  is  the p r e s e n c e  
of a p a i r  of b a s ic  r e s i d u e s  on e i t h e r  s ide  of the connec t in g  
p e p t id e ,  which form the l inkage reg ion  to the,A and B c h a in s  (53).
T h e s e  r e s i d u e s  a r e  c leaved  out by enzyme o r  enzym es  
having a chemical  c h a r a c t e r i s t i c  (53) d u r ing  the c o n v e r s i o n  of 
p r o in s u l in  to insul in  and a r e  not found in the two m ajo r  p r o d u c t s  
of t h i s  c le avage  r e a c t i o n ,  i . e .  insul in  and the  C p e p t id e .
Under  the e l e c t r o n  m ic r o s c o p e ,  the b a s i s  of the  r e l a t i o n ­
ship  be tw een  the number of s t o r a g e  s e c r e t o r y  g r a n u l e s  (beta  
g ran u le s )  and the amount o r  d e g r e e  of deve lopment  of o t h e r  
o r g a n e l l e s ,  two major  s t r u c t u r a l  p a t t e r n s  of B c e l l s  can  be  
rec o g n ize d  (54). In one ,  typical  of r e s t i n g  B c e l l s ,  the 
predominan t  cy top lasmic  component is  r e p r e s e n t e d  by num erous  
s t o r a g e  s e c r e t o r y  g r a n u l e s ,  each  bounded by a s m o o t h - s u r f a c e d  
mem brane  and containing a m ate r i a l  whose  s h a p e  and  e l e c t r o n  
d e n s i ty  v a ry  be tween d i f fe ren t  s p e c i e s  of a n im a ls .  In the  s e co n d  
p a t t e r n ,  typical  of B c e l l s  a f t e r  p ro lo nged  s e c r e t o r y  s t im u la t io n ,  
the cytoplasm con ta ins  only a few be ta  g r a n u l e s ,  but  num erous  
m itochond r ia ,  abundant  rough endoplasmic re t i cu lum  c i s t e r n a e  
(RER) and a l a rge  Golgi complex .  Be tween t h e s e  two e x t r e m e  
s i t u a t i o n s ,  all g r ad a t io n s  a r e  a l s o  r e c o g n i z e d .  T h u s ,  it becam e  
n e c e s s a r y  to account  fo r  the p roduc t ion  and d i s a p p e a r a n c e  of 
the be ta  g r a n u le s  in o r d e r  to expla in  s e c r e t o r y  p r o c e s s .
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A s t r i k in g  f e a t u r e  of the b iosynthe t ic  p r o c e s s  is the 
r e l a t i v e ly  s low r a t e  of c o n ve rs ion  of p ro in s u l in  to insu l in  which ,  
in p a r t ,  r e f l e c t s  the time r e q u i r e d  fo r  the t r a n s p o r t  of newly 
s y n th e s i ze d  p ro in s u l in  f rom the r ibosmal  s i t e  of the b i o s y n t h e s i s  
on the rough endoplasmic ret iculum (RER) to the Golgi r e g i o n ,  
w h e re  the conve r t ing  enzymes a p p e a r  to be loca l ized  and w h e r e  
c o n v e r s i o n  f i r s t  b e g in s  (53, 48) .  Accord in g  to S t e i n e r  (48) ,  
t h e r e  is an initial  de lay  of some 15 -  20 min, d u r in g  which t ime 
the i n t r a c e l l u l a r  t r a n s f e r  of newly sy n th e s i ze d  p r o t e i n s  to w a rd  
the Golgi t ak e s  p l a c e .  Th is  p r o c e s s  r e q u i r e s  metabo l i c  e n e r g y  
and can  be inhibi ted by a v a r i e ty  of r e a g e n t s t h a t  i n t e r f e r e  with 
oxidat ive  p h ospho ry la t ion ,  such a s  antimycin and d in i t ropheno l .  
Once  the newly sy n th e s i ze d  p rohorm one  h a s  r e a c h e d  the Golgi 
a p p a r a t u s ,  w h e re  it is packaged  into new s e c r e t o r y  g r a n u l e s  o r  
" p r o g r a n u l e s " , p ro teo ly t i c  c o n v e rs io n  p r o c e e d s  with a h a l f - t im e  
of about  one hou r  o v e r  a p e r iod  of s e v e r a l  h o u r s .  By about  the 
fifth ho u r  only a low p e r c e n ta g e  of p ro in s u l in  r e m a i n s ,  and 
p e r h a p s  at  th i s  time the con ten t s  of the g r a n u l e s  c r y s t a l l i z e  with 
zinc ions that  have somehow been  s e q u es t e d  by the s t o r a g e  
g r a n u l e s .  The  p r o c e s s  of c r y s t a l l i z a t i o n  t r a p s  the  small  amounts  
of r e s idua l  p ro in s u l in  and in te rmed ia te  fo rm s  within the m i c r o ­
c r y s t a l l i n e  i n c lu s io n s .  It i s be l i eved  (48) th is  p r o c e s s  p r e v e n t s  
f u r t h e r  p r o t e o l y s i s ,  thus  account ing fo r  the p e r s i s t e n t  r e l e a s e  
of a few p e r  cent  of p r o in s u l in - l i k e  m a t e r i a l s  d u r in g  the normal  
s e c r e t o r y  r e s p o n s e s .
E Ie c t ro m i c r o s c o p ic  o b s e r v a t io n s  of B c e l l s  a t  de f in i te  
i n t e r v a l s  following acu te  s t imulat ion  of insul in  s e c r e t i o n  led
I :?
Lacy to in troduce  the concept  of emiocy tos i s  ( exocy tos i s )  (55,  56) .
In th i s  p r o c e s s ,  the g r a n u le  membrane  m e r g e s  with the p lasm a  
membrane  and the g ranu le  c o r e  is ex t ruded  into the e x t r a ­
c e l l u l a r  sp a ce  w here  it u n de rgoe s  d i s s o l u t i o n .  S i n c e  th is  
o r ig ina l  d e s c r i p t i o n ,  p i c t u r e s  of p lasm a  m em brane  -  g r an u le  
membrane  fusion have been  obtained which s t r o n g l y  su g g e s t  
that  th is  s u s p ec t e d  mechanism may be o p e r a t i v e  (57).
H ow e ver ,  the view of Lacy was cha l l enged  by s e v e r a l  a u t h o r s ,  
who sugges ted  a l t e rn a t iv e  r o u t e s  of insul in  r e l e a s e .  O rc i  (54) 
ind ica ted  ano the r  ac t ive  event  taking  p l ac e  at  the  level of the 
cel l  m em brane ,  one a l s o  a s s o c i a t e d  with the emiocyto t ic  p r o c e s s .
He s u g g e s t e d ,  in o r d e r  to keep the cell  with a r a t h e r  c o ns ta n t  
volume th e r e  must  be  a withdrawal  of membrane  equ iva len t  to 
the  amount added by e m ioc y to s i s .  T h i s  withdrawal  w as  thought  
to be  pe r fo rm ed  by rec y c l in g  of a s s o c i a t e d  m em brane  v ia  e n d o -  
cy to t ic  v e s i c l e s  o c c u r r in g  concomi t tan t ly  and c o n s e q u e n t ly  to 
insul in  r e l e a s e .
The s u b c e l lu la r  o r g an iz a t ion  of the insu l in  b io syn the t i c  
mechanism of the be ta  ce l l  is  summ ar ized  s c h e m a t i c a l l y  in F i g .  1 . 2 .  
C reu tze fè id te t .  a l . (58) sugges ted  the d i r e c t  r e l e a s e  of insu l in  
in addi t ion to through the  g r a n u le  s t o r a g e ,  e s p e c i a l l y  when the 
s t o r e s  a r e  exhaus ted .
(c) New a s p e c t s  of insul in  b i o s y n t h e s i s  -  p r e p r o i n s u l i n :
Most r ec e n t ly  p r e s e c r e t o r y  fo rm s  of many s e c r e t o r y  p r o t e i n s  
have  been found,  including p r e p r o i n s u l i n  (59) .
On the b a s i s  of d i f f e ren t  s t u d i e s ,  it w as  conc luded  (59) that  
the addi tional pep t ide s e q u en c e  to p r o in s u l in  is  located at  the 
amino t e r m in u s .
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The genes  a r e  t r a n s c r i b e d  by RNA p o l y m e r a s e  in t h e  
n u c l e u s ,  g i v i n g  r i s e  t o  t h e  m o l e c u l e s ,  which  i s  known
in t h e  p r e r e g i o n  a s  wel l  a s  t h e  B- C- and A- c h a i n  r e g i o n s  
o f  p r o i n s u l i n  ( 5 9 ) .  The r o l e  o f  p r e r e g i o n  i n i t i a l l y  
t r a n s l a t e d  in b i o s y n t h e s i s  was assumed a s  a i d s  in  t h e  b i n d i n g  
o f  t h e  a p p r o p r i a t e  r ib osom es  t o  t h e  membranes o f  t h e  e n d o ­
p l a s m ic  r e t i c u l u m ,  t h u s  fo rm ing  t h e  rough e n d o p la s m ic  
r e t i c u l u m  o f  t h e  b e t a  c e l l  ( 6 0 ) .  I t  was assumed ( 6 l )  t h a t  
t h e r e  i s  an e n d o p e p t i d a s e  o f  some f a m i l i a r  s p e c i f i c i t y  
inv o lv e d  in t h e  r a p i d  c l e a v a g e  o f  p r e p r o i n s u l i n  f rom t h e  
r e s t  o f  m o le c u le .  I t  i s  p o s s i b l e ,  however ,  t h a t  t h e s e  
s u b s t a n c e s  do not  a c c u m u la t e  in s u f f i c i e n t  c o n c e n t r a t i o n s  
in t h e  endop la sm ic  r e t i c u l u m  t o  i n h i b i t  t h e  c l e a v a g e  o f  
e n z y m e (s ) ,
(d) immunological  and b i o l o g i c a l  a s p e c t s  o f  p r o i n s u l i n :
Most a n t i s e r a  t o  i n s u l i n  r e a c t  o n l y  a b o u t  h a l f  a s  we l l  
w i t h  p r o i n s u l i n  a s  w i t h  i n s u l i n  ( 5 3 ) .  On t h e  o t h e r  hand ,  
a n t i s e r a  a g a i n s t  p r o i n s u l i n  r e a c t  much b e t t e r  w i t h  p r o i n s u l i n  
t han  w i t h  t h e  i n s u l i n  o f  c o r r e s p o n d i n g  s p e c i e s ,  b u t  t h e s e  
c r o s s - r e a c t  much l e s s  w i t h  p r o i n s u l i n  f rom o t h e r  s p e c i e s  ( 5 3 ) .  
A s p e c i f i c  a n t i  p r o i n s u l i n  serum p r e p a r e d  in  t h e  g u i n e a  p i g  
made i t  p o s s i b l e  t o  d e m o n s t r a t e  p r o i n s u l i n  in  b o t h  f o e t a l  
c a l f  and b e e f  i s l e t s  ( 6 2 ) .  Accord in g  t o  L o g o t h e t o p o u l o s  and 
Coburn ( 6 2 ) ,  s t a i n i n g  p a t t e r n s  o b t a i n e d  w i t h  a n t i  p r o i n s u l i n  
o r  a n t i  i n s u l i n  a r e  s i m i l a r  and a p p e a r  t o  i n v o l v e  t h e  whole  
c y to p la s m .  However, h igh  r e s o l u t i o n  and q u a n t a t i v e  
e v a l u a t i o n  canno t  be e x p e c t e d  w i t h  l i g h t  m i c r o s c o p y .
The re  has been a l s o  c o n s i d e r a b l e  i n t e r e s t  in  t h e
biological  ac t iv i ty  of p r o in s u l in .  The  da ta  a v a i l a b l e  thus  f a r  
ind ica te s  that  i ts biological  ac t iv i ty  is v e ry  low (63).
Ana ly s i s  by gel f i l t r a t ion  of l ive r  and kidney  e x t r a c t s  f rom 
animals  injec ted  20 min e a r l i e r  with labe l led p r o in s u l in  d o e s  
not d i s c l o s e  any t ra n s fo rm a t io n  of the labe l led p r o in s u l in  to 
insul in  in e i t h e r  the l ive r  o r  k idney ,  the p r in c ip a l  deg rad ion  
s i t e s  f o r  insul in  in the body (48).
(e) Regu la t ion  of insul in b io s y n th e s i s  and s e c r e t i o n :
Glucose  h a s  been  shown in many s tu d i e s  to s t im u la te  s t r o n g ly  
the b io sy n th e s i s  of (p ro) in su l in  a s  well a s  the  s e c r e t i o n  of the 
hormone (59).  Glucose  i ts e lf  d i r e c t l y  s t im u la te s  the  r e l e a s e  of 
insul in  within 30 to 60 s e c , both in vivo and in v i t r o  (64).  
H o w e v er ,  the mechanism by which it do e s  s o  r e m a in s  high ly 
c o n t r o v e r s i a l .
Although e a r l i e r  s tu d i e s  (65) tended to s u p p o r t  the view that  
the metabol ism of g lucose  o r  a metabo l i te  d e r i v e d  from g lu co s e  
s ig na l led  insul in r e l e a s e ,  m ore  r e c e n t  o b s e r v a t i o n s  lend s u p p o r t  
to the pos tu la te d  spec i f ic  g l u c o r e c e p t o r  which is  c a p a b le  of 
g e n e ra t i n g  a s e c r e t o r y  s ignal  independent ly  of g lu c o s e  
metabol ism (59, 66) .
Randle  and H a le s  (67) emphas ized  that  two model s  cou ld  
account  fo r  the g l u c o r e c e p t o r  sys tem; the  f i r s t  one b a s e d  on 
the combinat ion of g lucose  i ts e lf  with a r e c e p t o r  m o le c u le ,  and 
the second  one ba sed  on the g e n e ra t i o n  of  a s igna l  a s  a p r o d u c t  
of g lucose  metabolism in the B c e l l .  Although t h e r e  i s  now s t r o n g  
suppor t  fo r  the g l u c o r e c e p t o r  c o n s t r u c t  (59 ,  66) ,  no d i r e c t  
ev idence  h a s  yet been  found of the e x i s t e n c e  of such  a r e c e p t o r
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F ig . 1 .2  Sut ce l lu la r  organization o f  the in su lin  b io sy n th e tic
machinery o f the beta c e l l .  (R.E.R. = rough endoplasmic 
reticulum , M.V. = m ic r o v e s ic le s ) , a fte r  S te in er  ( 48) .
p r o te in  in i s l e t s  of L a n g e rh a n s .  On the o t h e r  ha nd ,  the  highly 
s t e r e o s p e c i f i c  s t imulat ion of insu l in  s e c r e t i o n  by non m etabo l i zed  
amino a c id s  s u g g e s t s  the e x i s t e n c e  of i s le t  r e c e p t o r  p r o t e i n s  
f o r  c e r t a i n  amino a c id s  (59). In an e ffor t  to a p p ro a c h  th is  
p rob lem ,  a s  well a s  c e r t a i n  o th e r  a s p e c t s  of the r eg u la t i o n  of 
insul in  b io sy n th e s i s  and s e c r e t i o n ,  in a m o re  de f in i t ive  m a n n e r ,  
Lernmark  e t . a l . (68) showed the e x i s t e n c e  of a d e n y la te  c y c l a s e  
and o the r  enzymes  that  may p lay an important  r o l e  in r eg u la t i n g  
the s e c r e t o r y  r esponse^such  a s  the Na , K dependen t  and Ca  , 
Mg^^ dependent  A T P a s e  on i so la ted  B cell  m e m b r a n e .
S tu d ie s  in s e v e r a l  l a b o r a t o r i e s  have  implicated  ca lc ium a s  
an important  r e g u l a to r y  s u b s t a n c e  in the s e c r e t o r y  p r o c e s s .  
B r i s s o n  and Mala i sse  (69) have shown that  ^ u c o s e - s t i m u l a t e d  
r e l e a s e  of insul in  is a s s o c i a t e d  with a s h a r p  inhib i t ion  of ca lc ium 
efflux from i s l e t s  of L ange rhans  p r e l o a d e d  with I n c r e a s e d
‘ calcium influx into the i s l e t s  in  the p r e s e n c e  of g l u c o s e  may be  
an important  concomitant of the d i s c h a r g e  mechanism (59).
Mathews and Dean (70) su g g e s t e d  the f r e e  c y to s o l i c  Ca,  2 û
is  be l i eved  to be  d i r e c t l y  r e l a t e d  
to b iphas ic  insul in r e l e a s e  and the  e l e c t r i c a l  phenomena  which 
accompany i t .  Both d e c r e a s e d  efflux and i n c r e a s e d  influx a c r o s s  
the p lasma membrane could lead to i n c r e a s i n g  th i s  Ca (71) .
S t e i n e r  eU a[_. and P i p e l e e r s  eU aj_. (72,  73) showed  that  
calcium in the medium is  not e s se n t i a l  fo r  g l u c o s e - s t i m u l a t e d  
b io sy n the s i s  of insu l in ,  but it i s r e s t r i c t e d  to  the exocy to t ic  
d i s c h a r g e  of s e c r e t o r y  g r a n u l e s .
The n a tu r e  of the g lucose  s ignal  to  insu l in  b i o s y n t h e s i s  
is not well u n d e r s to o d .  H o w e v er ,  Pe rm u t t  and Kipnis  (74) 
have  shown that the i n c r e a s e d  b io sy n th e s i s  of insu l in  in r e s p o n s e  
to high g lucose  o c c u r s  r ap id ly  and in i t ia l ly  d o e s  not r e q u i r e  
the s y n th e s i s  of new RNA o r  p r o t e i n .  T h u s ,  a m a jo r  effect  of 
g lucose  a p p e a r s  to be  a spec i f ic  and s e l e c t i v e  s t im ula t ion  of the 
r a t e  of t r a n s la t io n  of p r e - e x i s t i n g  p ro in s u l in  m e s s e n g e r  RNA.
(f) P r o p o s e d  models  of ac t ion  o f  i n s u l i n :
It is now widely r ec o g n ize d  that  many po lypep t ide  o r  amine 
hormones  and n e u r o t r a n s m i t t e r s  act  th rough  the in te rm ed ia t io n  
of cyc l i c  3^ , 5 ^ - a d e n o s in e  monophosphate  (CAMP).  T h e s e  a g o n i s t s  
bind to speci f ic  r e c e p t o r s  at the o u t e r  s u r f a c e  o r  p la sm a  m em brane  
of the cel l  and a c t iva te  the enzyme adeny la te  c y c l a s e ,  which 
c a ta ly z e s  the formation of CAMP from A T P .  The  CAMP g e n e r a t e d  
a s  a consequence  becom es  the " se c ond  m e s s e n g e r "  that  i n t e r a c t s  
with cyc l ic  nuc leo t ide  r e c e p t o r s  r egu la t ing  i n t e r a c e l l u l a r  enzym es  
that  ul t imately account  fo r  the phys io logic  r e s p o n s e .  The  c o n c e n ­
t ra t ion  of cyc l i c  nuc leo t ides  in c e l l s  can  be  r e g u l a t e d  not only 
through b i o s y n t h e s i s ,  but  a l s o  by enzymatic  d e s t r u c t i o n  (cyc l ic  
nucleo t ide p h o s p h o d ie s t e r a s e s )  o r  e l a b o r a t i n g  into e x t e r a c e l l u l a r  
s p a c e  (75).
Insul in  r e c e p t o r s  have  been  d e te c te d  in many t i s s u e s  (76) .  
S tu d ie s  on insul in  r e c e p t o r s  have been  r e v i e w e d  in o b e s e  mice  
and r a t s  a s  well a s  obe se  man (75). All t h e s e  s tu d i e s  s u g g e s t  
that  insul in r e s i s t a n c e  ^ attendant on h y p e r i n s u l i n e m i a , i s  a s s o c i a t e d  
with a d e c r e a s e  in the number (and p o s s ib ly  aff ini ty  a s  wel l)  of
r e c e p t o r s  in the l i v e r .  S tu d ie s  with a d ipocy tes  conf l i c t .  Some 
i n v e s t ig a to r s  in t h e i r  s tu d i e s  have  found the number  of insu l in  
r e c e p t o r s  cons tan t  (77) and o t h e r s  found d e c r e a s e d  r e c e p t o r s  
on adipocy tes  f rom obe se  r a t s  (78).  It ha s  been  known that 
insul in  can  an tagonize  the effect  of ho rm ones  that  act  via cyc l i c  
AMP by d e c r e a s i n g  i ts  formation  from A T P  (79) .  S e v e r a l  o t h e r  
s u b s t r a t e s  have been  p r o p o se d  a s  s eco n d  m e s s e n g e r s  fo r  in su l in .  
Cyc l ic  GMP has  been  implicated (80) .  B e c a u s e  insu l in  is known 
to a l t e r  the i on content  of t a r g e t  c e l l s ,  it h a s  a l s o  been  p o s tu l a te d  
that  ions may be second  m e s s e n g e r s  f o r  insu l in  (81).
To compl ica te  the i s s u e  f u r t h e r ,  t h e r e  h a s  been  some ev ide nc e  
indicat ing that insul in  not only induces  i ts  effect  via  a s eco n d  
m e s s e n g e r ,  but a l s o  e n t e r s  i ts  t a r g e t  c e l l s .  Using rad io io d in a te d  
insu l in ,  it ha s  been  shown that insu l in  is  a s s o c i a t e d  with n u c l e a r ,  
mitochondrial  and microsomal  f r a c t i o n s  (82),  both in h e pa toc y te  
and lymphocyte subcel  lu la r  f r a c t i o n s .
It is c e r t a i n l y  p o s s ib l e  that  insu l in  r e g u l a t e s  all  of i ts  a c t i o n s  
via a second  m e s s e n g e r  g e n e ra t e d  at  the p lasm a  m em brane  (83).  
H o w e v er ,  s in c e  in t race l  lu la r  s t r u c t u r e s  have  s p e c i f i c  bind ing  
s i t e s  fo r  insul in ,  and s in c e  it i s  p o s s ib l e  that  insu l in  d o e s  e n t e r  
the Intact  cel I,an a l t e r n a t iv e  t h eo ry  p r o v id e s  a  s im p l e r  exp lana t ion  
of the d i v e r s e  e f fec ts  of th i s  ho rm one .  A c c o rd in g  to th i s
insul in  in the e x t r a c e l l u l a r  f luid b inds  to r e c e p t o r s  on the  
cell  s u r f a c e  and ,  a s  a d i r e c t  r e s u l t  of th is  i n t e r a c t i o n ,  t h e r e  
a r e  changes  in plasma membrane  func t ion ,  su c h  a s  t r a n s p o r t  and 
enzyme ac t iv i ty .  It was  a lso  su g g e s t e d  (84) that  insu l in  may
e n t e r  the i n t e r io r  of the c e l l ,  w h e re  it d i r e c t l y  m ed ia te s  v a r i o u s  
i n t r a c e l lu l a r  func t ions  leading to the s y n th e s i s  of DNA, RNA 
and p r o t e i n .
T h e r e f o r e ,  two d i f fe ren t  models  of insu l in  ac t ion  and i ts  
de g ra da t ion  have  been  p r o p o se d  (48).  The  conven t ional  model 
is  b a s e d  on r e v e r s i b l e  e x te rna l  binding of insu l in  and i ts  r e c e p t o r .  
In th is  scheme insul in  must  d i s s o c i a t e  f rom i ts  r e c e p t o r  in o r d e r  
to be de g ra de d  by the enzyme sys tem in the e x t r a c e l l u l a r  s p a c e .
As  a consequence  of insul in  binding at  the r e c e p t o r ,  a s e co n d  
m e s s e n g e r  is  g e n e ra te d  to p ro d u c e  some of i ts  biolog ica l  a c t i v i t y .  
The  o th e r  model might be ca l l ed  the r e c e p t o r / t r a n s d u c e r / i n t e r n a l ­
izat ion (48).  In t h i s  model i n s u l i n - r e c e p t o r  complex a l low s  the 
insul in  monomer to e n t e r  the c e l l ,  w h e r e  it may d i s s o c i a t e  f rom 
the r e c e p t o r  and be  exposed  d i r e c t l y  to in te rna l  d e g ra d i n g  s y s t e m s .  
Some of the insu l in ,  o r  p e r h a p s  m ore  l ike ly ,  s p e c i f i c  f r a g m e n t s  
of the ho rmone ,  might ac t  d i r e c t l y  on c e l l u l a r  components  e i t h e r  
a s  second  m e s s e n g e r  o r  by r e in f o rc in g  the ac t ion  of a r e c e p t o r ­
g e n e ra te d  second  m e s s e n g e r .
(g) Action^of insul in:
(i) In foetal  life:
Insul in  a f fec t s  c a r b o h y d r a t e ,  fa t  and p r o t e i n  m e ta bo l i sm .  
Though the p a n c r e a s  deve lops  e a r l y  in foetal  l ife and 
appa ren t ly  s e c r e t e s  insu l in ,  it i s  s t i l l  unknown how th is  
s e c r e t i o n  is con t ro l l e d  and how important  insu l in  is f o r  
normal  growth and development  in utero(64) .  The p l a c e n ta  
is capab le  of forming and s to r i n g  g lycogen  and one of the  key
enzymes  in th is  pa th w ay ,  glycogen  s y n t h e t a s e ,  is s t imula ted  
by insu l in .  It is qui te  p o s s ib l e  that  the glycogen  s y n th e t a s e  
of foetal  l ive r  and musc le  is a l s o  s e n s i t i v e  to in su l in .  In 
many s p e c i e s  ( e . g .  ch icken  and ra t )  insu l in  d o e s  not i n c r e a s e  t h e  
uptake of g lucose  in the foetus  until  r e l a t i v e ly  late  in g e s t a t i o n .
It is p o s s ib le  that  the insu l in  dependan t  t r a n s p o r t  s y s t e m s  
fo r  g lucose  and amino a c id s  do not develop in foetal  t i s s u e  
until the end of g e s ta t io n .  H o w e v e r ,  p r o te i n  s y n th e s i s  may be  
s t imula ted  by insul in  in the foe tus  by a s e p a r a t e  mechanism» 
p rov ided  amino a c id s  c a n  c r o s s  the  ce l l  mem brane  at  a r ap id  
enough r a t e  (64).  Recen t  e x p e r im e n t s  have  shown that  a 
v a r i e ty  of human foetal  t i s s u e s ,  including s k in ,  m u s c l e ,  b ra in , ,  
ad rena l  and kidney t i s s u e s ,  r e s p o n d  in v i t r o  to insu l in  by 
in c r e a s e d  inco rpo ra t ion  of labe l led  amino a c id s  into p r o t e i n s  
(64). H o w e v er ,  t h e r e  is no indicat ion  at  p r e s e n t  that  insu l in  
is n e c e s s a r y  fo r  normal foetal  g rowth  o r  no t .  In su l in  a l s o  
a p p e a r s  to inf luence mammary gland  development  d u r in g  
p regna nc y  (85). T h e r e  is some ev ide nc e  that  e s t r o g e n s  may 
i n c r e a s e  the p r o l i f e r a t i o n  of mammary ep i the l i a l  c e l l s ,  but  
only if insul in  is  p r e s e n t  to in i t i a t e  DNA s y n th e s i s  (86).
(ii) On in te rm e d ia ry  metabol ism:
Once insul in  is r e l e a s e d  from the B c e l l s ,  insu l in  e n h a n c e s  
the t r a n s p o r t  of g lucose  and r e l a t e d  m o n o s a c c h a r i d s , amino 
a c i d s ,  K^,  n u c le o s i d e s ,  and ino rgan ic  phospha te  a c r o s s  
c e r t a i n  cell  m em branes  (87).  In su l in  thus  d e c r e a s e s  the 
c o nc en t ra t ion  of g lucose  in the  blood by i n c r e a s i n g  i ts  
p e r i p h e r a l  up take .  T h e s e  e f f e c t s  a r e  not s e c o n d a r y  to
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glucose  metabol i sm,  fo r  i n c r e a s e d  up take  c a n  be  d e m o n s t r a t e d  
in in v i t ro  s y s te m s  when non metabo l i zed  s u g a r s  a r e  t e s t e d  (87).  
In addi t ion to th is  effect  on t r a n s p o r t  in m usc le  and  a d ipose  
t i s s u e ,  insul in  h a s  been  shown to c o u n te r a c t  the Ii p o l y t i c  
a c t i v i t i e s  of ep inephrine^ to enhance  p r o t e i n  s y n t h e s i s  and 
to i n c r e a s e  the a c t i v i t i e s  of c e r t a i n  enzymes  (h e x o k in a s e ,  
glycogen s y n th e t a s e ) .
Insul in  a l s o  s t im u la te s  lipid formation in the  b r a i n  du r in g  
growth and i n c r e a s e s  the u t i l iz a t ion  of c a r b o h y d r a t e  and lipid 
in the p e r i p h e r a l  n e r v e s  (88).
Insul in  e nha nce s  g lucose  up take  by the b r a i n  by lowering  
the t h re sho ld  at which g lucose  p a s s e s  f rom the blood  to the 
b r a i n .  H ow e ver ,  insul in  do e s  not affect  a c t i v e  t r a n s p o r t  of 
g lucose  a c r o s s  the b l o o d -b r a in  b a r r i e r s  (88).
The  e ffec ts  of insu l in  on the l ive r  a r e  c om p lex .  Of 
p a r t i c u l a r  i n t e r e s t  is  the  r o le  of insul in  in induc ing o r  
ac t iva t ing  c e r t a i n  glyco ly t ic  e nz ym e s .  The  l iv e r  is  f r e e l y  
pe rm eab le  to g lucose  and the r a t e  l imit ing f a c t o r  f o r  g lu co s e  
metabolism in l ive r  a p p e a r s  to be  the a c t iv i ty  of the  enzyme 
g lucok inase ,  which c a t a l y s e s  the c o n v e r s i o n  of g l u c o s e  to 
g lucose  6 - p h o s p h a te .  L iver  a l s o  co n ta in s  h e x o k i n a s e .  The  
ac t iv i ty  of hexok inase  is not a ff ec ted  by h o r m o n e s ,  w h e r e a s  
the  act ivi ty  of g lucok inase  i s  i n c r e a s e d  by in su l in  (89) .
Insul in  a c t s  a s  an inh ib i to r  of the s y n th e s i s  of the  key  h e p a t i c  
gluconeogenic  enzymes  (py ruva te  c a r b o x y l a s e ,  p h o s p h o e n o l -  
py ruva te  c a rb o x y k i n a s e ,  f r u c t o s e - 1 , 6 - d i p h o s p h a t a s e  and 
g lucose -6  p h o s p h a ta s e ) .  A cco rd ing  to W e b e r ' s  t h e o r y .
insul in  is  ab le  to p re v e n t  the s t im ula t ion  of s y n th e s i s  of 
new enzymes  by g l u c o c o r t i c o id s .  On the o t h e r  hand ,  g luco ­
c o r t i c o id s  have no effect  on the ac t i v i t y  of glycoly t ic  enzymes  
(g lucok inase ,  p h o s p h o f r u c to k i n a s e , p y r u v a t e  k inase )  which 
a r e  s e n s i t iv e  to induct ion by in su l in .
in su l in  e nha nce s  glycogen s y n th e t a s e  by i n c r e a s i n g  
glycogen s y n th e t a se  I (ac t ive  form),  p o s s ib l y  by s t im ula t ing  
phosphodiesterase and thus c a u s in g  red u c t io n  in the i n t r a ­
cel lula r  c o n c e n t r a t i o n o f  cyc l i c  A M P. Of p a r t i c u l a r  i n t e r e s t  
is  the effect of insul in  on the  pa thw ays  involved in the s y n t h e s i s  
and b r e a k  down of l ip ids .  In an i n su l in -de f ic ie n t  s t a t e ,  
l ipogenes is  is d e c r e a s e d  and l ipo lys is  is  i n c r e a s e d .  In su l in  
is  involved in the formation  of t r i g l y c e r i d e s , which a r e  
composed of g lyce ro l  and fat ty  a c i d s .  Both of t h e s e  ca n  be  
formed in the l iver  and ad ipose  cel l  if g lu co s e  i s  a v a i l a b l e  (89).
Insu l in  a l s o  i n c r e a s e d  c h o le s t e r o l  s y n th e t a s e  by s t im u la t ing  
hydroxymethy l-g lu ta ry l  GOA r e d u c t a s e  (89).
B . A Cel  Is
I . His tologica l  c r i t e r i a ;
In 1907 Lane (90) c l a s s i f i e d  two k inds  of c e l l s  in the  i s l e t s  of 
L a n g e rh a n s ,  A c e l l s  and B c e l l s .  Th |s c l a s s i f i c a t i o n  was  made 
a c c o r d in g  to the so lub i l i t y  of t h e i r  s e c r e t o r y  g r a n u l e s ,  the  A g r a n u l e s  
being p rec ip i t a t e d  by a lcohol ic  f i x a t iv e s ,  t h e  B g r a n u l e s  be ing  
d i s s o lv e d  (91).
T h e s e  c e l l s ,  c a l l ed  by Hei lman and c o - w o r k e r s  A, c e l l s ,  c on ta in  
g r a n u le s  whose ac idophi l ia  v a r i e s  with the s p e c i e s  (92).  It h a s  be e n  
r e p o r t e d  that  at  leas t  in a number of s p e c i e s ,  the phosphotung  .st ic
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ac id  hematoxyl in  method of Leven and Feng  (93) and the Azan modif ica­
t ion of Gomori (94) s t a in  the A g r a n u l e s  s e l e c t i v e l y .  T he  A c e l l s  a r e  
a rg y ro p h i l i c  with the method of G r im el iu s  (45),  a l though th is  method 
a l s o  s t a in s  a f r ac t ion  of i s le t  c e l l s  which a r e  a r g y r o p h i l i c  with the 
method of Hei lman and He l le s t rom  (44).  The  A c e l l s ,  a c c o r d in g  to 
S o lc ia  e ^  aj .^ (95),  s h a r e  with the D c e l l s  the abi l i t y  to s t a in  with 
lead heamatoxyl in .  The  A c e l l s  a r e  not s ta ine d  with a ld ehyde  fuchs in  
o r  p seudo isocyan in e  a f t e r  ox idat ion .
S e c r e t o r y  p r o d u c t ;
A c e l l s  w e r e  sub je c t ed  to a hi s tochemica l  r e a c t i o n  fo r  indo le s  and 
showed the p r e s e n c e  of t r y t o p h a n - r i c h  p r o t e i n ,  i t  w as  p r o p o s e d  (102) 
that  the p ro te in  in the A c e l l s  may be  glucagon s in c e  the l a t t e r  c o n t a i n s  
5 .8%  t ryp tophan .  L a t e r ,  us ing  an immunof luorescent  t e c hn ique ,
Baum et_. _aj .^ (96) located glucagon in the A c e l l s .  '
Glucagon h a s  a l s o  been  r e p o r t e d  to be  p r o d u c e d  by the  g a s t r o ­
in test ina l  mucosa (97) and c o n s id e r a b l e  e ffor t  h a s  been  expended  to 
ident ify ce l l s  of the g a s t r o in t e s t i n a l  mucosa  equ iva len t  to  the p a n c r e a t i c  
A c e l l s .  The dem ons t ra t ion  of g lu ca g o n - l i k e  b io logic  ac t i v i t y  in the 
s tomach and duodenum (97) and of a rg y r o p h i l i c  c e l l s  in t h o s e  t i s s u e s  
(98) f i r s t  sugges ted  that  glucagon s e c r e t i n g  A c e l l s  might  b e  p r e s e n t  
in e x t r a p a n c r e a t i c  t i s s u e s .  L a t e r ,  a po lypep t ide  im m u n o lo g i c a l  1 y 
physicochemical  ly and bio log ica l ly  ind is t ingu i shab le  f rom p a n c r e a t i c  
glucagon  has  been ident i f ied in g a s t r o in t e s t i n a l  e x t r a c t s  (20) .  C e l l s  
u l t r a s t r u c t u r a l l y  and immunocytochemical ly  ident ical  to p a n c r e a t i c  A 
c e l l s  have been d e m ons t ra ted  in c a n ine  fundus and human duodenum 
(20, 21,  99) .  B a e t en s  eU aj_. (103) r e p o r t e d  that  th is  po lypep t ide
:> I
c l e a r l y  d i f fe ren t i a ted  from the g lucagon - l ike  immunoreac t iv i ty  (GLI) 
which is most  abundant  in the pos tduodenal  small  i n t e s t i n e .  The  
ex i s t e n ce  of two f r a c t i o n s  of g lucagon - l ike  immunoreac t iv i ty  (GLI) 
e x t r a c t e d  from can in e  jejunum was r e p o r t e d  by Linger _et. _aj_. and 
V a lve rde  e]U a]_. (100,  101). The l a r g e r  f r a c t i o n  had a m o le c u la r  
weight  of approximate ly  7 , 0 0 0 ,  double  that  of p a n c r e a t i c  g lucagon  
and the l e s s e r  f r a c t i o n  was  equal  in a p p a re n t  m o le c u la r  weight  to 
p a n c re a t i c  glucagon.
(a) Chem is t ry  of glucagon:
T r u e  g lucagon ,  i . e .  the  3 ,4 8 5  mol wt b io log ica l ly  a c t i v e  
immunoreact ive po lypept ide  p r e s e n t  in p a n c r e a s ,  a p p e a r s  to 
have  the same amino ac id  s e q u e n c e  in all  the  mammalian s p e c i e s  
thus  f a r  s tud ied ;  in p o r k ,  b e e f ,  man ,  r a t  and rab b i t  (104),  
sugges t ing  the p o s s ib l e  impor tance  of t h e s e  p r i m a r y  s t r u c t u r a l  
f e a t u r e s .  The  amino acid  s e q u e n c e  is  shown in F i g .  1 . 3 .  The  
p r im a ry  s e q u e n c e s  of av ian  g lucagons  d i f f e r  (105) and t h e s e  
d i f f e r e n c e s  a p p e a r  to in f luence t h e i r  immunological  p r o p e r t i e s  
(104).  Glucagon h a s  a  c lo s e  s t r u c t u r a l  s im i l a r i t y  with the s e c r e t i n  
family o f  gut ho rm ones  c o m p r i s in g  g a s t r i c  inh ib i to ry  po lypep t ide  
( G I F ) ,  vasoac t ive  in te s t ina l  po lypep t ide  ( V I P ) ,  a s  well  a s  
s e c r e t i n  (106).  •
(b) B io syn thes i s  of glucagon:
Accord ing  to some r e c e n t  s tu d i e s  (107),  g l u c a g o n - l i k e  in su l in  
may belong to an equa l ly  anc ien t  family of pep t ide  h o r m o n e s .  T h i s  
is p e r h a p s  not s u r p r i s i n g  when it was  r e a l i z e d  that  c y c l i c  AMP, 
g lucagon’s  second  m e s s e n g e r ,  o c c u r s  in both p r o k a r y o t i c  and 
eukaryo t ic  (48) c e l l s .
Study  of the b i o s y n t h e s i s  of glucagon is  s t i l l  in i ts  in fancy .  
Although it is now widely b e l i eved  that  glucagon is  s y n th e s i z e d  
th rough a p r e c u r s o r ,  d e t a i l s  of s t r u c t u r e  and c o n v e r s i o n  of 
p rog lucagon  remain  u n c e r t a i n  (59).
Finding  immunoreac t ive  glucagon with a l a r g e r  m o le c u la r  
weight  (108, 109) sug g e s t e d  a p r e c u r s o r  o r  i n te rm e d ia te  of 
glucagon o f  a b o u t  9 ,000  M.V/, might ex is t  both in a n g l e r  f ish  
and in man.  It h a s  been  r e p o r t e d  that  t ryp t ic  d i g e s t io n  of l a r g e  
glucagon pep t ides  g ives  r i s e  to immunoreac t ive  d e r i v a t i v e s  
(59,  110). It i s  a s sum ed  that  th i s  s e q u e n c e  r e p r e s e n t s  r e l e a s e  
of glucagon from the p r e c u r s o r ,  fol lowed by d e g r a d a t i o n  of the 
r e l e a s e d  ho rm one .
T a g e r  and S t e i n e r  (111) have  ident i f ied the  p r i m a r y  s t r u c t u r e  
of a 37-amino-ac id  f ragment  of p rog luc a gon  con ta in ing  the  2 9 -  
amino-ac id  p r im a r y  s t r u c t u r e  of bovine  g luca gon ;  the  r em a in in g  
8 r e s i d u e s  w e r e  at  C t e r m i n u s .  T r a k a t e l l è s  eU aj_. (110) r e p o r t e d  
that  a n g le r  f ish p rog lucagon  is  a 7 8 - a m in o -a c id  s i n g l e - c h a i n  
polypep t ide ,  f rom which g lucagon is l ib e ra t e d  by t r y p t i c  c l e a v a g e ,  
the co n v e rs io n  o c c u r in g  v e r y  rap id ly  within 3 - 1 0  min at  a  1:500 
to 1:1000 m ola r  r a t i o  enzyme to s u b s t r a t e ,  making it a f a r  m o re  
s e n s i t iv e  po lypept ide  than g lucagon .
The r e a s o n  fo r  the e x i s t e n c e  of a hormonal  p r e c u r s o r  r e m a in s  
u n c l e a r .  P e r h a p s ,  a s  a s sum e d  f o r  o t h e r  p r o h o rm o n e s  (59) ,  it may 
be  r e l a t e d  to the mechanism of b i o s y n t h e s i s ,  p a r t i c u l a r l y  the  
r equ i r em en t  fo r  s y n th e s i s  on rough  m ic r o so m e s  a s s o c i a t e d  with 
v ec to r ia l  d i s c h a r g e  a c r o s s  the m ic rosomal  m em brane .
(c) Glucagon s e c r e t i o n : :
Glucagon i s  r e l e a s e d  from A c e l l s  into the e x t r a c e l l u l a r  
s p a c e  through the  p r o c e s s  of em iocy to s i s  (112) .
(d) P r o p o s e d  m echan ism s  of glucagon act ion:
As p r e v io u s ly  ment ioned in th i s  c h a p t e r ,  the  ac t ion  of 
g lucagon,  l ike many o t h e r  po lypep t ide  h o r m o n e s ,  on i ts  t a r g e t  
c e l l s  involves  i ts  i n t e r a c t io n  with glucagon r e c e p t o r s  in the  ce l l  
m em branes  of the m a jo r  t a r g e t  o r g a n ,  the l i v e r .  The  in t e r a c t io n  
is  be l i eved  (75) to involve the a c t iva t ion  of the  enzyme adenyl  
c y c l a s e ,  thus g e n e ra t i n g  the CAMP that  m ed ia te s  the  g ly co ­
genolyt ic  r e s p o n s e  of l ive r  c e l l s  to g lucagon .  In fa t  c e l l s ,  in 
which glucagon h a s  a l ipolyt ic  e f f e c t ,  it i s a l s o  b e l i e ved  to be  
mediated by an i n c r e a s e  in CAMP (113) .  As a  c o n s e q u e n c e  of 
the g l u c a g o n - r e c e p to r  i n t e r a c t io n ,  a  c a s c a d e  of s u b s e q u e n t  e v e n t s  
will ul t imately r e s u l t  in the s t imula t ion  of l ipolys is .
T h e s e  even ts  involve s u c c e s s i v e l y  a d e n y l - c y c l a s e ,  p r o t e i n -  
k i n a s e ,  cyc l i c  AMP, h o r m o n e - s e n s i t i v e  t r i g l y c e r i d e  l ip a s e  and 
f inal ly  t r i g l y c e r i d e  b r e a k  down.
(e) Glucagon metabol ism:
Glucagon is  p r e s u m e d  to c i r c u l a t e  in the p l a s m a  in unbound 
form (109).  T r u e  glucagon d i s a p p e a r s  r ap id ly  from the c i r c u l a t i o n .  
Removal  of glucagon from the p lasm a  may,  in p a r t ,  involve  i t s  
d e g ra da t ion  within the l ive r  a t  a s i t e  c o n s id e r e d  to be  s e p a r a t e  
f rom the glucagon r e c e p t o r .  P l a sm a  a l s o  s e e m s  g l u c a g o n o l y t i c , 
p a r t i c u l a r l y  in man and the r a t ,  but  ju s t  how much g lucagon  i s  
de g ra de d  within the c i r c u l a t i o n  is u n c e r t a i n  (104) .
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H o w e v er ,  the k idneys  have  been  r e p o r t e d  a s  the m a jo r  s i t e
of glucagon removal (11 4 , 115) .
(f) Effec t  of glucagon on metabol ism:
(i) Glucose:
P e r h a p s  the most  impor tan t  p r o p e r t y  of g lucagon  is  that  
which led to i ts  d i s c o v e r y  -  i ts  hyperg lycem ic  a c t i v i t y .
T h i s  ac t iv i ty  may be  the r e s u l t  of glucagon ac t ion  v ia  s e v e r a l  
s y s t e m s .  T h e s e  a r e  e i t h e r  i n c r e a s i n g  g lyco g e n o ly s i s  and 
g luconegenes i s  o r  d e c r e a s i n g  g lucose  consumpt ion .  T he  
glycogenolyt ic  ac t ion  of g lucagon  is  a non c o n t r o v e r s i a l  
effect  of the hormone  and is  e a s i l y  d e m o n s t r a t e d  in vivo a s  
well a s  in v i t r o , u s ing  the i so la ted  p e r f u s e d  r a t  l i v e r .  
Glucagon e n h a n ce s  the fo rm ation  of CAMP from A T P  by 
s t imula t ing adenyl  c y c l a s e ,  which is loca ted in the p l a s m a  
membrane  (116).  CAMP in tu rn  a c t i v a t e s  the enzyme sys te m  
re s u l t i n g  in the p roduc t ion  of g lu c o s e - 1 - p h o s p h a te  f rom 
g lycogen .  G l u c o s e - 1 - p h o s p h a t e  can  then be  used  in s e v e r a l  
p a thw a ys .
(ii) G luconeogenes is :
Glucagon enhanced  g lu co n e o g e n e s i s  f rom l ac t a t e  and 
py ru v a t e  in the p e r f u s e d  r a t  l ive r  (117) .  T h i s  w a s  m ed ia te d  
by cyc l i c  AMP. Brokm an and B ergm an  (118) m e a s u r e d  the 
net hepa t i c  up takes  of a l a n i n e ,  g lu tamate  and g lu tamine  b e f o r e  
and du r ing  i n t r a p o r t a l  g lucagon in fus ions  in i n s u l i n - t r e a t e d  
a l l o ^ n  d iabe t ic  s h e e p ,  in which p lasm a  insul in  l ev e l s  w e r e  
main tained at a c o ns ta n t  level d u r in g  the infusion of  g lu c a g o n .
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The net  hepa t i c  up take of a la n ine  and glutamine i n c r e a s e d  
s ig n i f ican t ly ,  and c o n v e r s i o n  of a lan ine  to g lucose  almos t  
doub led .  C h ia s so n  e^. a]_. (119) indicated in normal  man that  a 
glucagon effect  on g lu co n e o g e n e s i s  f rom a lan ine  was  e x e r t e d  
p r im a r i l y  within the l ive r  by shunt ing of e x t r a c t e d  a la n in e  
toward  new g lucose  fo rm ation  without a d e m o n s t r a b l e  i n c r e a s e  
in hepat i c  a lan ine  e x t r a c t i o n .
(iii) Inhibi t ion of g lycogenos i s  and g lyco lys i s :
D e c r e a s i n g  g lucose  consumpt ion  by glucagon h a s  b e e n  
r e p o r t e d  by Mil l er  (120) ,  who o b s e r v e d  30% red u c t io n  in 
g lucose  oxidat ion when g lucagon was p e r f u s e d  i n t o  t h e  l i v e r .
Inhibi t ion of g lycogen  s y n t h e s i s  by g lucagon w a s  shown 
by Bishop and Laner  (121) .  They  found that  while  in su l in  
enhanced  the formation  of u r id in e  d iphospha te  g lu co s e  (UDPG) ,  
glucagon favoured  i ts  b r e a k  down.  F u r t h e r m o r e ,  it w as  
sugge s te d  that  glucagon might  inhibit  g lycogen  s y n t h e s i s  by  
inac t iva t ing  glycogen s y n t h e t a s e .
(iv) Glucagon and l ipids:
in s e v e r a l  s p e c i e s  g lucagon e n h a n c e s  the r e l e a s e  in v i t r o  
of g lyce ro l  and f r e e  fat ty  a c id s  (FFA)  from p i e c e s  of a d ip o s e  
t i s s u e  o r  f rom i so la ted  a d ip o s e  c e l l s ,  but  not a lw a y s  to the  
same  d e g r e e  (113).  The  r a t ,  mouse and r abb i t  a d ip o s e  t i s s u e s  
respond  well to g lucagon ,  while  the dog o r  human a d ip o s e  t i s s u e s  
r e spond  only unde r  c e r t a i n  experimenta l  c o n d i t io n s .  M a rk s  
(122) a t t r ibu ted  the d i ff icu l ty  in e s t a b l i s h in g  the l ipo ly t ic  
effect  of glucagon in mammals  to the a n t i - l i p o ly t i c  a c t i o n  of 
insul in  on ad ipose  t i s s u e  which d o e s  not ex is t  in b i r d s .
Simul taneous  m e a s u re m e n ts  of net c h a n g e s  in g lyce ro l  
and F F A  in the a d ipose  t i s s u e  i ts e lf  and in the incubat ion  
medium, o r  the u se  of r a d io a c t iv e  t r a c e r  p r o c e d u r e s ,  have  
dem o n s t ra t ed  that  when l ipo lys is  is  s t imula ted  by g lucagon 
the c a lcu la ted  r a t e  of e s t é r i f i c a t i o n  (or  r e - e s t e r i f i c a t i o n )  of 
F F A  a l s o  i n c r e a s e s  (123).  The  impor tance  of g lucagon  a s  a 
lipid mobil iz ing hormone  in phys io log ica l  o r  pa th ophys io lo g ica l  
condi t ions  was  exp la ined  by Le febvrce  (113) .  He r e s t r i c t e d  
a few cond i t ions  in which t h e r e  undoubtedly e x i s t s  a "fuel 
need"  and in which glucagon may r e a s o n a b ly  be  invo lved .  
T h e s e  include  f a s t in g ,  m u sc u la r  e x e r c i s e ,  a da p ta t ion  of 
mammals to the e x t r a - u t e r i n e  life and d i ab e t i c  k e t o - a c i d o s i s .
(v) Glucagon and ke to g e n e s i s :
Te leo log ica l ly  (113) ,  the concep t  of g lucagon a s  a 
r e g u l a to r  of the p roduc t ion  of c a l o r i e s  f o r  the b r a i n  dem ands  
that  in t imes of d imin ished  exogenous  c a l o r i c  a v a i l a b i l i t y  
o r  i n c r e a s e d  c a l o r i c  r e q u i r e m e n t s ,  it p r o d u c e  an a l t e r n a t i v e  
fuel to g lucose  so  a s  to avoid s e r i o u s  dep le t ion  of p r o t e i n  
s t o r e s .  Ketones  co n s t i tu t e  the  a l t e r n a t iv e  fuel and g lucagon 
may well be e s s e n t i a l  f o r  the  k e to g e n e s i s  of s t a r v a t i o n .
S c h a d e  and Eaton  (124) have  r e p o r t e d  s tu d i e s  in man 
sugges t ing  that  g lucagon is involved in the  ke tonemic  r e s p o n s e  
in in su l in -de f ic ien t  d i a b e t e s .  F u r t h e r  ev ide nc e  of g lu c a g o n ’s  
involvement  in k e to g e n e s i s  in man is  obtained from the  s t u d i e s  
of G e r ic h  eU a]_. and A lbe r t i  e_U a]_. (125),  in which juv en i l e  
d i ab e t i c s  wi thdrawn from insu l in  t r e a tm e n t  fa i l ed  to deve lop
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the  usual r i s e  in ke tonemia  when glucagon s e c r e t i o n  w as  
s u p p r e s s e d  by s o m a to s ta t i n .  T h u s ,  a powerfu l  a r r a y  of 
ev idence  po in ts  to a r o l e  of glucagon in ke tone  p r o d u c t i o n ,  
both in hea l th  and d i s e a s e .
(vi) Glucagon and amino a c id s :
Glucagon c a u s e s  3 - 4  fold d e c re a s e ,  in total  p la sm a  
amino a c id s  c o n c e n t r a t i o n s  in man (126) and an im a ls  (127) .
Th i s  s u g g e s t s  that  glucagon  h a s  a potent ia l  phys io log ica l  
r o le  in r egu la t ing  amino ac id  l e v e l s .  In the l i v e r ,  g lucagon  
affec ts  the amino ac id  metabol ism in t h r e e  ways  (128): 
s t imulat ion of m em brane  t r a n s p o r t ,  inhibi t ion of net  p r o t e i n  
s y n th e s i s  and a c c e l e r a t i o n  of i ts  m e tabo l i sm,  and s t im u la t ion  
of g luco n e o g e n e s i s .  Mallet . e  e^. a|_. (129) ,  who s tu d i e d  the 
i n t r a c e l l u l a r  effect  of g lucagon  on the amino ac id  metabo l i sm  
showed that  g lucagon induces  c h a n g e s  in the amino a c id  
metabol ism which e n c o u r a g e s  g lu c o n e o g e n e s i s .
C .  D C e l l s
I . His to logical  c r i t e r i a :
D c e l l s  a r e  a rg y ro p h i l i c  with the  method of Hei lman and H e l l e s t ro m  
(44) who p r e f e r  to cal l  them A.j c e l l s .  In some s p e c i e s  they a r e  m e t a -  
ch rom ati c  with s imple toludine  b lue  s ta in in g  (130); in o t h e r s  the  m e t a -  
c h ro m a s ia  shows only a f t e r  méthyla t ion and dém é thy la t io n ,  o r  a f t e r  
ac id  h y d r o ly s i s  (131, 132). They  a r e  m etach rom at ic  and g ive  u . v .  
f l u o r e s c e n c e  with p seud o is o c y a n in e  a f t e r  t r ea tm en t  (132).  T h e y  a r e  
not s ta ined  with pse udo isoc ya n ine  a f t e r  ox ida t ion .  In many s p e c i e s  
they show a weak to m odera te  b a s o p h i l i a  (7).
S e c r e t o r y  p roduct  of D c e l l s :
The funct ion of D c e l l s  h a s  been  c o n t r o v e r s i a l  s i n c e  t h e i r  
d e s c r i p t i o n  by Bloom in 1931 (133).  G a s t r i n  was  f i r s t  b e l i e v ed  to 
be the functional p roduc t  of D c e l l s  of man (134, 135). E v id e n ce  
fo r  a non g a s t r i n  funct ion of D c e l l s  h a s  a p p e a r e d ,  in i t i a l ly  by the 
work of Luft e t .  a l . (136),  who d e m o n s t r a t e d  the loca l iza t ion  of 
som a tos ta t in ,  a po lypep t ide  o r ig ina l  ly e x t r a c t e d  from the hypotha lamus  
(137) in p a n c r e a t i c  i s l e t s  of the r a t  and guinea p i g .  It h a s  a l s o  been  
shown in D c e l l s  of g a s t r o in t e s t i n a l  t r a c t  (233) to be  iden t ica l  to 
p a n c r e a t i c  D c e l l s .  By the immunocytochemical  d e m o n s t r a t io n  of 
som a tos ta t in  in the  i s l e t s  of the p ig eo n ,  which a r e  p a r t i c u l a r l y  r i c h  
in D c e l l s  (138),  Orc i  et_. (139) s u b s ta n t i a t e d  the h y p o t h e s i s  that  
the th i rd  type of i s l e t  c e l l ,  namely the D c e l l ,  i s  r e s p o n s i b l e  f o r  the 
p roduc t ion  of so m a to s ta t i n .  D em ons t r a t ion  of som a to s ta t i n  in m ono la ye r  
c u l t u r e  of e ndoc r ine  p a n c r e a s  t o g e t h e r  with insu l in  and g lu ca g o n ,  
exc luded  the poss ib i l i ty  that  the  immunocytochemical  r e a c t i o n  w as  
due to a non spec i f ic  a d s o r p t io n  of c i r c u l a t i n g  s o m a to s ta t i n  (140) .
(a) C hem is t ry  of somatos ta t in :
The  w id e s p re a d  loca l i s a t ion  of s o m a tos ta t in  is  now well 
e s t a b l i s h e d .  T h i s  c y c l i c  t e t r a d e c a p e p t id e  ( F i g .  1 .4)  was  
o r ig ina l ly  found in hypothalamus  and h a s  been  found in o t h e r  ' 
p a r t s  of the c e n t r a l  and p e r i p h e r a l  ne rv o u s  sys tem  (141) and 
in the thyro id  gland (142).
(b) Mode of ac t ion of som a tos ta t in :
At p r e s e n t ,  t h e r e  is no in formation ava i l ab le  which would 
sugges t  that somatos ta t in  f rom D c e l l s  e x e r t s  p a r a c r i n e  e f f e c t s  
on ad jacent  B c e l l s  and A c e l l s  o r  no t .
Available  da ta  have  ind ica ted that  at leas t  two e f f e c t s  may 
be involved in the mechan ism of ac t ion  of s o m a to s ta t i n .  One is 
the level of cyc l i c  AMP in the t a r g e t  c e l l s ,  the  o th e r  ca lc ium 
uptake by th es e  c e l l s .  S om a tos ta t in  s u p p r e s s e s  leve l s  of cy c l i c  
AMP in the p i tu i ta ry  gland  (143) .
C la ro  e^. a|_. (144) s tud ied  i so la ted  p a n c r e a t i c  i s l e t s  f rom 
the ra t  and they a l s o  d e m o n s t r a t e d  a d e c r e a s e  in the level  of 
cyc l i c  AMP. They s u g g e s t e d  that  som a tos ta t in  inhibi ts  insu l in  
r e l e a se - jp roba b iy th rough  inac t iva t ion  of adenyl  c y c l a s e  r a t h e r  
than ac t ivat ion of p h o s p h o d i e s t e r a s e .
As fo r  the effect of ca lc ium ions ,  the inh ib i to ry  e ffect  of 
somatos ta t in  on g lucose  induced insu l in  r e l e a s e  from the p e r f u s e d  
r a t  p a n c r e a s  could be ov e rc o m e  by i n c r e a s i n g  the ca lc ium c o n c e n ­
t ra t ion  of the o th e r  p e r f u s a t e  (141) .  M o re o v e r ,  s o m a to s ta t i n  
inhibi ted Ca uptake of i s l e t s  (145) .  Few s tu d i e s  have  yet be e n  
pub l ished  r e g a r d in g  the mode of ac t ion  of s o m a tos ta t in  in the 
ne rvous  sy s te m .
Recent ly  Tan eU a[_. (146) have  shown that  s o m a to s ta t i n  c a n  
inf luence the up take  and r e l e a s e  of calcium by s y n a p t o s o m e s . in  
view of the c ru c i a l  r o le  of th i s  ion in n e rv e  termina l  d e p o l a r i z a t i o n  
a s  well a s  in the s e c r e t i o n  of h o r m o n e s ,  it was  s p e c u l a t e d  (131) 
that somatos ta t in  may e x e r t  i ts  ac t ion  both a s  a t r a n s m i t t e r  and 
hormone  by affect ing ca lc ium t r a n s p o r t  through the n e r v e  cel l  
and endoc r ine  cell  m em brane ,  r e s p e c t i v e l y .
(c) Act ion of somatosta t in :
(i) On the r e l e a s e  of ho rm ones :
I ts  s h o r t  h a l f - l i f e  and ex te n s iv e  d i s t r ib u t io n  p r i m a r i l y  
sugges ted  that i ts  ac t ion  is p ro b ab ly  " p a r a c r i n e "  r a t h e r
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than en d o c r in e  (142).  In favour  of a p a r a c r i n e  a c t i o n  o f  
somatos ta t in  Luft e^. a L  (141) r e p o r t e d  that  exogenously  
a dm in is t r a t e d  som a tos ta t in  e x e r t s  e f fec ts  in those  hormone  
p roducing  t i s s u e s  w h e r e  it h a s  been  l o c a l i z e d .  H o w e v er ,  
the de m ons t ra t ion  in the i so la ted  c an ine  p a n c r e a s  that  
s ubs tan t ia l  amounts  of som a tos ta t in  a r e  r e l e a s e d  into venous  
eff luent  jn r e s p o n s e  to p e r f u s e d  n u t r i e n t s  and gut ho rm ones  
t o ge the r  with the p r e s e n c e  c i r c u la t in g  s o m a to s ta t i n - l i k e  
immunoreact ivity^in the p lasm a  of r a t s ,  dogs  and hum ans ,  
h a s  r a i s e d  the  p o s s ib i l i ty  of an e ndoc r ine  r o l e  of som a tos ta t in  
(147,  148).
It h a s  now been  shown that  som a tos ta t in  b lo ck s  the 
s e c r e t i o n  of a num ber  of p i tu i t a r y  ho rm ones  a s  well  a s  e x t r a -  
p i tu i t a r y  pep t ide  ho rm ones  (141).  At p r e s e n t ,  an exc i t in g  
a r e a  is the ac t ion  of som a tos ta t in  on the r e l e a s e  of gut h o r m o n e s .  
It s u p p r e s s e s  the r e l e a s e  of in su l in ,  g lucagon ,  GLI , c h o l e -  
cys tok in in ,  motilin- and s e c r e t i n  (141).
(ii) On the s e c r e t i o n  of e x o c r i n e  p a n c r e a s :
That  som a tos ta t in  p robab ly  p l ay s  a p a r t  in the  p h y s io ­
logical con trol  of p a n c r e a t i c  e x o c r i n e  s e c r e t i o n  h a s  been  
ind icated (149) by the p rofound  inhibi tion of p r o t e i n  and 
b i c a r b o n a te  s e c r e t i o n  in r e s p o n s e  to feed ing o r  the i n t r a -  
g a s t r i c  and in t r a -duode na l  in st i l l a t ion  of nu t r i e n t  which 
c a u s e s  both s e c r e t i n  and cho lecys tok in in  r e l e a s e .
(iil) On g lucose  metabol ism:
Lins and E fend i r  (150) showed that s h o r t  t e rm  in fusion  
of somatos ta t in  induced hypoglycemia in man ,  w h e r e a s
pro longed  infusion led to s igni f icant  hyperglycemia.  Wahren 
e t . a l . (151) po s tu la te d  that  init ial  hypoglycemia in overn igh t  
f as ted  s u b je c t s  was  due  to s u p p re s i o n  of g l y c o g e n o l y s i s , 
which led to a 70% inhibi t ion of sp lan ic  g lucose  ou tpu t ,  w h e r e a s  
in 60 h f as t ed  s u b je c t s  the  hypoglycemia effect  w as  a l s o  due 
to s u p p r e s s io n  of g l u c o n e o g e n e s i s .  The  hype rg lyc em ia  
accompanying p ro longe d  infusion of som a tos ta t in  was  due 
p a r t i a l l y  to i n c r e a s e d  hepa t i c  g lucose  output  and p a r t i a l l y  
to d e c r e a s e d  p e r i p h e r a l  up take  of g lucose  ( l 5 l ) .  T h e s e  da ta  
led WaldausI j ^ .  a|_. (152) to d r a w  a conc lu s ion  that  in the 
group of insul in  dependen t  d i a b e t i c s  the s u p p r e s s i o n  of d i a ­
be togenic  ho rm ones  such  a s  G H o r  glucagon ,  might  be  b e n e f i c i a l ,  
w h e r e a s  in hea l thy  s u b je c t s  o r  p a t i e n t s  s u f f e r in g  from m a tu r i t y  
onse t  d i a b e t e s ,  the d iabe togen ic  ac t ion  of s o m a to s ta t i n  due  to 
s u p p r e s s io n  of insu l in  r e l e a s e  ou tweighs by f a r  i ts  bene f i c i a l  
e f f e c t s .
D .  P P  Ce l l s
I . His to logical  c r i  t e r i a :
According  to L a r s s o n e t . a l . (153) the P P  c e l l s  in d i f f e r e n t  s p e c i e s ,  
including the r a t ,  mouse ,  s h e e p ,  gu inea  p ig ,  cow,  r abb i t  and man ,  did 
not s ta in  with a ldehyde  fuchs in  and they w e r e  non a rg y r o p h i l  with the 
H e l le r s t rom -H e l Im a n  s i l v e r  s t a in ing  method.  The  P P  c e l l s  s t a in e d  
v e ry  weakly with s i l v e r  in the  Gr im e l ius  p r o c e d u r e .  T h e r e  is  
unce r t a in ty  a s  to w he ther  t h e s e  c e l l s  c o r r e l a t e  to F  c e l l s  which a r e  
d e s c r i b e d  in can ine  p a n c r e a s  o r  X c e l l s  in d i f f e ren t  s p e c i e s  (7 , 39) '
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S e c r e t o r y  p roduct  of P P  c e l l s ;
In the p r o c e s s  of I so la t ing  insul in  f rom p a n c r e a t i c  e x t r a c t s  f rom 
c h ic k e n s ,  Kimmel and h i s  c o l l e a g u e s  (154) de te c te d  a s t r a i g h t  cha in  
pep t ide  of 36 amino a c id s  which they  named avian  p a n c r e a t i c  p o l y -  
pep t ide  ( A P P ) .  By rad io imm unoassy  A P P  was  d e t e c te d  in p a n c r e a t i c  
e x t r a c t s  f rom a number of b i r d s  and rept i l  e s  (155).  L a t e r ,  a pep t ide  
was  e x t r a c t e d  from bovine  p a n c r e a t i c  t i s s u e  that  a l s o  con ta ined  36 
amino a c i d s ,  16 of which occup ied  the same pos i t ion  a s  th o se  found in 
avian p a n c re a t i c  po lypep t ide  (156) (F ig .  1 .5 ) .  Lin and C h a n c e  (157) 
have  r e p o r t e d  p e p t ide s  e x t r a c t e d  from the hog ,  sheep  and man p a n c r e a s  
that  d i f f e r  f rom bovine p a n c r e a t i c  po lypep t ide  in only one o r  two amino 
ac id  r e s i d u e s  at pos i t ion  2 ,  6 o r  23.
Using immunocytochemis try  at  the light and e l e c t r o n  m ic r o s c o p i c  
level r e v e a le d  P P  c e l l s  in d i f f e re n t  mammalian s p e c i e s  p o s i t i v e  fo r  
a n t i - A P P  o r  B P P  (153).
The  P P  c e l l s  a l so  o c c u r  in e x o c r i n e  p a ranchym a  with v a r i o u s  
f requency  from one s p e c i e s  to a n o t h e r .  In opossum and d o g , P P  c e l l s  
have  a l s o  been  ident if ied in g a s t r i c  m ucosa  (153).
(a) Phys io logical  ac t ion of p a n c r e a t i c  po lypept ide:
Only l it t le informat ion  is av a i l ab l e  c o n c e rn in g  the p h y s i o ­
logical ro le  of the p a n c r e a t i c  po lypep t ide ,  a l though ea ch  s p e c i e s  
s e em s  to have i ts  own s p e c t ru m  of a c t i o n .  S c h w a r t z  e^. aj_. 
indicated  (158) that  human p a n c r e a t i c  po lypep t ide  is  a d i g e s t i v e  
hormone  under  vagal  c o n t r o l .  A P P  h a s  been  found (153) to 
s t imulate  g a s t r i c  ac id  s e c r e t i o n  and hepa t i c  g ly co g e n o ly s i s  in 
ch ic k e n s  . ; The pep t ide  did not r a i s e  the blood s u g a r  level
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F ig .1 .3  Amino acid  sequence o f  glucagon ( 423) .
H-Ala-Gly-Cys-lys-Asn-Phe-Phe-Tri)-Lys -  Dir-Hie-Tiir-Ser-Cys -  OS
L__________________________________________ I
"Fig.1 .4  Amino acid  sequence o f  som atostatin  (1 4 I ) .
Ala-Pro-Leu-Glu-Pro-Gln-iyr-Pro-Gly-Asp-Asp-Ala 
1 6 12
Tlir-Pro-Glu-Gln-Ke t-Ala-Gln-Tyr-Ala-Ala-Glu-Leu
13 18 24
Arg-Arg- %rr-Ile-Asn-IIe t-Leu-Thr-Arg-Pro-Arg- lÿr-NS^
23  30 36
F ig .1 .5  Amino acid  sequence o f  bovine pancreatic polypeptide (16O)
but lowered  p lasma g l y c e r o l ,  which p robab ly  ind ic a te s  s t im u la ted  
hepa t i c  lipid s y n t h e s i s .  Hazelwood and Langs low (159) r e p o r t e d  
that  in ject ion of A P P  into domes t ic  fowl had no effect  on the 
conc en t ra t io n  of g lu co s e  in plasma^but  c a u se d  an immediate  and 
cont inuous  d e c r e a s e  in the level of F F A .  They  a l s o  o b s e r v e d  
a powerful  glucagon r e l e a s i n g  effect  of A P P  was e x e r t e d  o v e r  
the same time i n t e r v a l .  S i n c e  A P P  was without effect  on the 
conc en t ra t io n  of g lu co s e  and insul in  in the p l a s m a ,  they  conc lu ded  
that  the hyperg lucagonaem ia  o b s e r v e d  in c h ic k e n s  in r e s p o n s e  to 
A P P jP roba b ly  is  the d i r e c t  ac t ion  on the Ag cel l  r e l e a s e  m ec h a n i s m .  
In d o g s ,  bovine p a n c r e a t i c  po lypep t ide  s t imula ted  g a s t r i c  ac id  
s e c r e t i o n  when given  a lone ,  but  inhibi ted the submaximal  s e c r e t i o n  
induced by the p e n t a g a s t r i n  (160) .  Tsung-Min e t . a l . (160) found 
basa l  p a n c re a t i c  s e c r e t i o n  of dogs  was inhibi ted by B P P  
( 1 -  10mg/Kg-h) .  In dogs  s t imula ted  by s e c r e t i n  a lo n e ,  B P P  
inhibi ted p a n c r e a t i c  p r o t e i n  s e c r e t i o n  but  of ten showed a b i p h a s i c  
ac t ion on w a t e r - b i c a r b o n a t e  r e s p o n s e ,  an ini t ia l  augm entat ion  
followed by r educ t ion  (161).  B P P  inhibi ted p a n c r e a t i c  w a t e r  
b i c a r b o n a te  and p r o t e i n  s e c r e t i o n  induced by an infus ion  of s e c r e t i n  
p lus  cho lecys tok in in  (161) .
1:3 F a c t o r s  Affect ing P a n c r e a t i c  Horm ones  S e c r e t i o n
The  i s l e t s  of Langerhans  a r e  c l u s t e r s  of en d o c r in e  c e l l s  which r e s p o n d  a s  
s in g le  functional un i ts  to v a r i o u s  phys io log ica l  in f lue nce s .  The  p r o p e r  func t ion  
of th is  o rg an  is  vi ta l to the hea l th  and su rv iv a l  of the individual  and i t s  im p r o p e r  
funct ion may r e s u l t  in d i s o r d e r s ,  of which d i a b e t e s  mel l i tus  and hypoglycemia  
a r e  fam i l i a r  exam ples .
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The regu la t ion  of insul in  and glucagon r e l e a s e  from B and A c e l l s  is  
complex,  involving c i r c u la t in g  n u t r i e n t s ,  hormones and ne rvous  
m echan ism s .
A.  P a r a c r i n e s
The p o s s ib l e  local con tro l  of p a n c r e a t i c  ho rm ones  output  was  o r ig in a l ly  
s u gge s te d  by Young (162).  T h i s  a u th o r  p r o p o s e d  that  glucagon  might act  
a s  a local s t im u la to r  of insu l in  s e c r e t i o n .  It was  b e l i eved  that  th i s  effect  
of glucagon is dependent  on the p r e s e n c e  of adequate  amounts  of g lycogen  
in the B c e l l s .  La te r  the d i s c o v e r y  of som a tos ta t in  within D c e l l s ,  a 
powerful  inhibi to r  of insul in  and glucagon r e l e a s e  and p r o g r e s s i v e  e l e c t r o -  
cytochemica l  and immunocytochemical  s t u d i e s ,  h a s  modif ied the o r ig ina l  v iew ,
(i) Arrangem en t  of m a jo r  cel l  types :
immunocytochemical  examinat ion of the i s l e t s  of L a n g e rh a n s  in 
v a r i o u s  animal s p e c i e s ,  includ ing man,  ind ic a te s  that  B c e l l s ,  A c e l l s  
and D c e l l s  a r e  not randomly  a r r a n g e d  within the i s l e t  (138) .  Whenever  
A c e l l s  a r e  found in the i s l e t ,  i . e .  most ly  in i ts  p e r i p h e r a l  p a r t , they  
a r e  accompanied by D c e l l s .  The  r e s p e c t i v e  pos i t ion  of A,  B and D 
c e l l s  make it evident  that  the impact  of local ly  r e l e a s e d  s o m a to s ta t i n  
would be c o n s id e r a b ly  g r e a t e r  on glucagon s e c r e t i o n  than  on insu l in  
s e c r e t i o n  (112).  T h e s e  c o n s i d e r a t i o n s  have  r a i s e d  the  p o s s ib i l i t y  
that the r eg ions  of the i s le t  con ta ining  the t h r e e  cell  t ypes  (A,  B ,  D) 
which a l so  have e x te ns ive  con tac t  with neu ra l  and v a s c u l a r  e l e m e n t s ,  
may be  the s o u r c e  of r ap id  and s h o r t - l i v e d  b u r s t s  of insu l in  and 
glucagon s e c r e t i o n ,  w h e r e a s  the l a r g e  p o r t i o n s  formed main ly  of B 
c e l l s  may cons t i tu te  a s t e a d y  "heavy duty"  insu l in  s o u r c e .  The  D c e l l s  
h y p e rp l a s ia  (140) o b s e r v e d  when A c e l l s  a r e  i n c r e a s e d  in num ber  o r  in 
ac t iv i ty  a s  in d iabe t ic  m el l i tu s  would be compa tib le  with th i s  c o n c e p t .
(ii) U l t r a s t r u c t u r a i  r e l a t ionsh ip :
Convent ional  e l e c t r o n  m ic ro sc o p y  and f r e e z e  f r a c t u r i n g  techn iques  
have  r e v e a le d  the p r e s e n c e  of junct ional  complexes  be tw een  i s l e t  c e l l s  
(54, 163), not only be tw een  B c e l l s  and B c e l l s  and be tw een  A c e l l s  
and A c e l l s ,  but  a l s o  be tw een  B c e l l s  and A c e l l s  (112) .  Two types  
of membrane  s p e c i a l i z a t i o n s  can  be  d e s c r i b e d ;  gap ju n c t ions  and 
t ight  junc t ions  (F ig .  1 . 6 ) .  A cco rd ing  to Orc i  (54),  gap ju n c t ions  a r e  
be l i eved  to r e p r e s e n t  low r e s i s t a n c e  pa thways  that  pe rm i t  e l e c t r i c a l  
and metabol ic  coupl ing of a d jacen t  c e l l s .  In that  t h e s e  two ana tom ica l ly  
coupled  cel l  types  s e c r e t e  b io lo g ica l ly  an tagon i s t i c  ho rm one s  to a ch ieve  
a net  metabol ic  r e s p o n s e .  It i s  r e a s o n a b le  to wonder  if they  may not 
funct ion through cel l  to cell  c o n ta c t s  and thus  c o - o r d i n a t e  t h e i r  
a c t i v i t i e s  to p r o d u c e  p r e c i s e l y  the r e q u i r e d  bihormonal  m ix tu re  fo r  
a given physio logica l  s i t u a t io n .
The o th e r  membrane  s p e c i a l i z a t i o n  of po ten t ia l  im por tance  is  the 
t ight  junct ion  (F ig .  1 .6 ) .  T h e s e  s t r u c t u r e s  a r e  not ana to m ic a l ly  
s t a b l e ,  but a r e  undergo ing  c o ns ta n t  change  o r  rem ode l l ing  (169) .  
Although t h e i r  funct ion in the i s l e t s  r em a in s  to be  d e t e r m i n e d ,  it h a s  
been  sugges ted  ( 112) that  they  may com par tm en ta l iz e  the i n t r a c e l l u l a r  
into b ro ad  channe l s  th rough  which s e c r e t o r y  p r o d u c t s  may flow tow ard  
the c a p i l l a r i e s  without  i n a p p r o p r i a t e l y  in te r ac t in g  with t h e i r  r e c e p t o r s  
on the ad jacen t  c e l l s .  Addi t iona l ly ,  it was  p r o p o se d  (112) that  t ight  
junct ion could channel  s u b s t a n c e s  whose  intended effect  might  be  
p u re ly  l o c a l , e . g .  s om a tos ta t in  tow ard  p r o p e r  t a r g e t  a r e a s  within 
the i s l e t .
Although the r o le  of t h e s e  mem brane  s p e c i a l i z a t i o n s  in i s l e t s  
rem a ins  unknown, t h e i r  d i s c o v e r y  h a s  r a i s e d  the p o s s ib i l i t y  that  cel l  
to cell  communication may he lp to c o - o r d i n a t e  t h e i r  hormonal  o u t p u t s .
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F ig .1 ,6  Fracturing process has exposed cytoplasm o f 2 adjacent
c e l ls  ( c e l l  1, c e l l  2) as w ell as plasma membrane o f  
c e l l  1. Area o f membrarie ou tlin ed  by rectan gle  i s  shown 
a t higher m agnification in  in s e t .  In in s e t ,  one can 
d istin gu ish  lin ea r  ridges that represent t i^ i t  junctions  
(TJ) and w ell-organized aggregates o f  p a r tic le s  
correspondirig to gap junctions (GJ) ( l l 2 ) .
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B .  G lu c a q o n - In s u t in  I n t e r r e l a t i o n s h i p s
C e r t a i n  I n te r r e ia t ionsh ip sbe tw e e n  the p a n c r e a t i c  ho rm one s  glucagon 
and insu l in  have  been  p r o p o s e d .  A cco rd ing  to S a m o l s ^ .  (165) t h e r e  
is  no such  mechanism that  invo lves  two s e p a r a t e  s e r v o  s y s t e m ,  i . e .  a 
nega t ive  i n s u l i n /g l u c o s e  o r  g lu c o s e /g lu c a g o n  feedback sy s tem  a s  was  
g e n e ra l l y  a c ce p ted  in the las t  d e c a d e ,  but  in s tead  t h e r e  is  a p r i m a r y  insu l in  
glucagon  nega t ive  feedback sy s te m  (F ig .  1 .7 ) .
Glucagon
nsu l in
F i g .  1 .7  P r in c i p l e  of i n su l in -g luca gon  nega t ive  f eedback  s y s t e m .
Insul in  s u p p r e s s e s  glucagon while  glucagon s t im u la te s  insu l in  s e c r e t i o n  (165)
The  fact  that  exogenous  glucagon can  s t im u la te  insu l in  s e c r e t i o n  by  
a d i r e c t  ac t ion on the B c e l l s ,  even at  v e r y  low d o s e s ,  i s  now well 
documented (165).
The  nega t ive  feedback  of insu l in  on glucagon  was  d e m o n s t r a t e d  by 
the  d i r e c t  infusion of enogenous  p o r k  insu l in  into the p a n c r e a t i c  a r t e r y  of 
duck and dog (165) .  The  exogenous  insu l in  infusion c a u s e d  an  immediate  
s u p p r e s s io n  of p a n c re a t i c o -d u o d e n a l  venous  blood glucagon l e v e l s ,  c l e a r l y  
d em o n s t ra b l e  b e fo re  any change  in the c o n c e n t r a t i o n s  of g l u c o s e  p e r f u s i n g  
the p a n c r e a s .
Accord ing  to Sam ols_e t .  aj_. (165), such  a feedback  sy s tem  o p e r a t in g  
intimately within the i s l e t s  of L a nge rha ns  and involving the  most  po ten t  
known hype rg lycem ic  and hypoglycemic  ho rm ones ,g lucagon  and in su l in  
r e s p e c t i v e ly ,  a f fo rds  a r e m a r k a b l e  homosta t ic  m echan ism .  It is  s i n g u l a r l y  
useful  fo r  gove rn ing the r e l a t i v e  r a t i o s  of glucagon and in su l in  p e r f u s i n g  
the po r ta l  vein and hence  ac t ing  on the metabol ism of all o r g a n s .
4:)
C .  Hormones
(i) Growth hormone:
The  ch ron ic  adm in i s t r a t io n  of growth ho rmone  to a number of 
s p e c i e s  of l ab o ra to ry  an im als  a s  well a s  to man r e s u l t s  in the 
p r o g r e s s i v e  deve lopment  of p a n c r e a t i c  is le t  cel l  h y p e r t r o p h y  and 
h y p e rp l a s ia  (166).  Growth hormone  has  a d i r e c t  e ffect  on the p a n c r e a s  
leading to g r e a t e r  insu l in  s e c r e t i o n  (167).
An e x c e s s i v e  glucagon r e l e a s e  in r e s p o n s e  to a rg i n i n e  was  found 
in ac rom ega ly  (168) .  T h i s  s u g g e s t s  a s y n e r g i s t i c  e ffect  of g rowth  
hormone  on a rg in ine  induced  glucagon s e c r e t i o n .
(ii) C o r t i c o s t e r o id s :
C o r t i c o s t e r o i d s  c a u s e  an i n c r e a s e  in basa l  and  a r g i n i n e - s t i m u l a t e d  
glucagon leve ls  (169).  C o r t i s o l  inf luencing the level  of both b a s a l  and 
s t imulated  glucagon s e c r e t i o n , a l s o  magnitude o f  g luconeogen ic  ac t ion  
on the l iv e r  (169).
(iii) Thyro id  hormones:
Thyro id  h o r m o n e s ,  un l ike c o r t i c o s t e r o i d s , have  been  r e p o r t e d  to 
have  an inhib i to ry  effect  on g lucagon r e l e a s e  (170) .
(iv) Gut ho rmones:
The  c lo s e  r e l a t i o n s h ip  be tw een  c e l l s  of o r ig in  of the g a s t r o ­
in test ina l  hormones  and the a b s o r p t iv e  s i t e s  f o r  n u t r i e n t s  s u g g e s t s  an 
important  r o le  fo r  t h e s e  p e p t id e s  in the r egu la t ion  of p a n c r e a t i c  ho rmone  
s e c r e t i o n .  It i s now well r e c o g n iz e d  that  the in te s t ina l  h o r m o n e s  a r e  
c o n c e rn e d  in the r eg u la t i o n  of g lucose  h o m e s t a s i s  (171).
(a) S e c r e t i n :
S e c r e t i n  was  found to s t imula te  insu l in  s e c r e t i o n  both in vivo 
and in v i t r o ,  while it s u p p r e s s e s  the s e c r e t i o n  of g lucagon  (172 ,  173).
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F rom  the ev id ence  a v a i l a b l e ,  s e c r e t i n  cannot  be given an 
important  r o le  in the phys io logica l  r egu la t ion  of in su l in .
(b) G a s t r i n :
G a s t r i n  h a s  be e n  r e p o r t e d  (175,  176) a s  s t imula t ing insul in  
and glucagon s e c r e t i o n .  In the complex sy s tem  of gut h o r m o n e s ,  
g a s t r i n  may e x e r t  an e ffect  on hormonal  e n t e r o i n s u l a r  a x i s ,  but  
i ts  p ro b a b le  s p e c i a l i z e d  r o le  could be  masked  by m ore  poten t  o r  
l e s s  s p e c i a l i z e d  humora l  effecLs(171).
(c) G a s t r i c  inh ib i to ry po lypep t ide  (GIF):
G a s t r i c  inh ib i to ry  po lypep t ide  h a s  been  shown to be a po ten t  
s t im u la to r  of insu l in  and glucagon r e l e a s e  both in vivo and in v i t r o  
(177 ,1 78) .  It i s  now well e s t a b l i s h e d  that  G IP is  an impor tant  
in su l ino trop ic  ho rm one  and i n t e r e s t  h a s  c e n t r e d  a round  i ts  p o s s i b l e  
pa thophys io log ic  r o l e .
The  d i s t r ib u t io n  of G I P  in the g a s t r o in t e s t i n a l  t r a c t  h a s  been  
a s s e s s e d  by immunocytochemical  and r ad io im m unoassay  t e c h n iq u e s  
(178) .  G I P  c e l l s  w e r e  found to be  r e l a t i v e ly  num erous  by c o m p a r i s o n  
with S  ( s e c r e t in )  c e l l s .  They w e r e  p redom inan t ly  loca ted in the 
middle zone of g lands  in the duodenum and to a l e s s e r  extent  in 
the je junum. They w e r e  c h a r a c t e r i z e d  a s  lead hem a toxy l in -  
p o s i t i v e ,  Gr im e l ius -pos i t ive^non  a r g e n t a f f i n , weakly p o s i t i v e  
fo r  t ryp topha n ,  and be longing to the APUD s e r i e s  of e n d o c r in e  
polypept ide  c e l l s  (171).  T h e s e  c e l l s  have  be e n  iden t i f ied  (179) 
u l t r a s t r u c t u r a i  ly a s  K c e l l s .
The  complete  iden t i f ica t ion of the G I P  cel l  h a s  opened  up 
new p o s s ib i l i t i e s  fo r  the s tudy of G I P  r e l e a s e  in hea l th  and d i s e a s e .  
The  f a c t o r s  inf luencing  se rum  I R - G I P  v a lu e s  a r e  a s  fo l lows  (171):
diminished I R G I P  r e l e a s e  could be expec ted  to o c c u r  b e c a u s e  
of m a la bso rp t ion  of fa t  o r  g lu c o s e ,  e x a g g e r a te d  som a tos ta t in  
o r  glucagon o r  insu l in  r e l e a s e ,  and h y p e rg ly c em ia .  E le v a t e d  
I R - G I P  r e l e a s e  h a s  been  o b s e r v e d  in the following s i tu a t io n s :  
obes i ty  (180),  m a t u r i t y - o n s e t  d i a b e t e s  (181),  and p a n c r e a t i t i s  
and in g a s t r o in t e s t i n a l  d i s o r d e r s  (171).
D.  Neura l  Cont ro l  of the E n d o c r in e  P a n c r e a s
(i) Innerva t ion  of the p a n c r e a t i c  i s l e t s :
I s l e t  c e l l s  a r e  p r o v id e d  with both cho l ine rg ic  and a d r e n e r g i c  
innerva t ion  (182).  H o w e v e r ,  t h e r e  a r e  notab le  e x c e p t io n s .  In b i r d s  
and c e r t a i n  r e p t i l e s ,  it is v i r t u a l l y  absent^and in mammals ,  it shows  
g r e a t  v a r i a t i o n s  (6 ) .  Sp iny  mice  a r e  known to have  no in n e rv a te d  
i s l e t s  (54) and the s t r o n g e s t  is le t  innerva t ion  of all v e r t e b r a t e s  h a s  
been  found in t e l e o s t s ,  which even have  a s p e c i a l i z e d  t r a n s m i t t e r  
s u b s ta n c e  (6 ) .
The  n e rv e  supply  to the p a n c r e a s  is d e r i v e d  from the  vagal  and 
sp la nchn ic  t r u n k s  and e n t e r s  the gland in a s s o c i a t i o n  with the a r t e r i e s .  
N e r v e  f i b r e s  that  r e a c h  the p a n c r e a t i c  i s l e t s  a l s o  accompany  blood 
v e s s e l s  (24) .  Depending upon the s p e c i e s ,  t h e s e  f i b r e s  a r e  a r r a n g e d  
a s  the s o - c a l l e d  p e r i - i n s u l a r  p l e x u s ,  but  may a l s o  form an  i n t r a -  
i n s u l a r  p lexus  at  the m o re  c e n t r a l  p o r t i o n s  of the i s l e t s  (183).  While 
t h e r e  a r e  d i f fe ren t  r a t i o s  of a d r e n e r g i c  to c h o l in e rg i c  end ings  in the 
i s l e t s  of v a r i o u s  s p e c i e s ,  t h e r e  s e em s  to be  no p r e f e r e n t i a l  r e l a t i o n ­
ship be tween  one type of ending and any given i s le t  s e c r e t o r y  c e l l .
In view of spec ia l  n e r v e  s e c r e t o r y  cell  s t r u c t u r a l  r e l a t i o n s h i p s  in 
mammals ,  it was s u gge s te d  (24) that  n e u r o t r a n s m i t t e r s  may be  r e l e a s e d
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into the i s le t  i n t r a c e l l u l a r  s p a c e  and s im ul taneous ly  s t im u la te  o r  
inhibi t a l a rge  number  of is le t  c e l l s .  Orc i  eH aj_. (163,54)  showed 
the gap ju nc t io ns  be tw een  B c e l l s  and n e rv e  e n d in g s .  They s u g g e s t e d  
that  such  end ings have  the morphologica l  c h a r a c t e r i s t i c s  of both 
e l e c t r i c a l  and chemical  s y n a p s e s .  F u r t h e r , chemical  o r  e l e c t r i c a l  
s ig n a l s  could be  m arked ly  amplif ied b e c a u s e  of the num erous  gap 
junc t io ns  that  p r e s u m a b ly  ex is t  be tw een  the c e l l s  of the i s l e t .
(ii) I n t r a c e l l u l a r  monoamines and i s l e t  funct ion:
The  e x t r a n e r v o u s  o c c u r e n c e  of biogenic  monoamines in p a n c r e a t i c  
i s le t  c e l l s  s eem s  to have  m a jo r  implica t ions in the  p roduc t ion  and 
r e l e a s e  of hormones  (24).  T h e s e  amines a r e  d e m o n s t r a b l e  u n d e r  
f l u o r e s c e n t  m i c r o s c o p e ,  us ing  the techn ique  of F a i c k  and H i l l a r f .
T h e s e  amines  have  been  s p e c i a l l y  ident i f ied a s  s e r o t o n in  and dopamine  
(183) .  They  a r e  not normal ly  found in a lb i n o s ,  but  a r e  d e t e c t a b l e  in 
the i s l e t s  of pigmented an im als  (183) .  H o w e v e r ,  in all  s p e c i e s  the 
i s le t  c e l l s  s t o r e s  of t h e s e  monoamines c a n  be  e i t h e r  i n c r e a s e d  o r  
induced by the a dm in is t r a t ion  of DOPA and 5 - H T P  (184) .  The  p r e s e n c e  
of t y r o s i n e  h y d r o x y la s e  and L -a rom at ic  amino ac id  d i c a r b o x y l a s e ,  two 
enzym es  n e c e s s a r y  f o r  s y n t h e s i s  of dopamine and s e ro t o n in  in the 
t r a n s p l a n t a b l e  i s l e t  cel l  carcinoHfes of the  h a m s t e r ,  su g g e s t e d  (185) 
t y r o s i n e  and t ryp tophan  a s  the p r e c u r s o r s  of dopamine  and s e r o t o n i n .  
The  r e s p o n s e  of the insu l in  s e c r e t i n g  c e l l s  is  u sua l ly  r e d u c e d  when 
amine p r e c u r s o r s  a r e  given  (185) .  H o w e v e r ,  many of the compounds  
used  to eva lu a te  i n t r a c e l l u l a r  monoamines i n t e r a c t  in complex ways  
with e x t r a c e l l u l a r  c a te c h o la m in e rg i c  and s e r o t o n e r g i c  r e c e p t o r s .
D esp i te  these  l im it a t ions ,  Lundquis t  (186) s u g g e s t e d  an important  
inh ib i to ry  con tro l  of insul in  by i n t r a c e l l u l a r  m onam in es .  In f av o u r  of 
th i s  t heo ry  C e s s io n  and Lefebvre  (185) p r o p o s e d  that  s u p p r e s s i o n  of
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insul in  r e l e a s e  in an i s l e t  cell  tumor of the  go lden  h a m s t e r  might be 
due to a high c o n c e n t r a t io n  of monoamines in t h e s e  c e l l s .
(iii) E x t r a c e l l u l a r  amines  and n e r v e  s t imulat ion:
E x t r a c e l l u l a r  amines  a l s o  cont ro l  is le t  s e c r e t o r y  r a t e s .  T h e s e  
amines o r ig in a te  f rom d i f f e re n t  s o u r c e s :  (a) i n t r a - i s l e t  n e r v e  
endings  s e c r e t i n g  ac e ty lc ho l ine  o r  n o rep ine ph r ine , ,  (b) a m ine -  
s e c r e t i n g  c e l l s  in o t h e r  a r e a s  of the body including a d re n a l  medul la  
and e x t r a - i s l e t  n e r v e  end ings  whose  p r o d u c t s  r e a c h  the i s l e t s  via  the 
b lood .  The  r o le  of v a r i o u s  amines  h a s  been  a p p ro a c h e d  expe r im en ta l  ly 
in vivo by s t imulat ion  o r  s ec t ion ing  of the p a n c r e a t i c  n e r v e s ,  o r  by 
the a dm in is t r a t ion  of amines  and t h e i r  ana lo gs  e i t h e r  in vivo o r  in v i t r o .
E l e c t r i c a l  s t imula t ion  of the vagus  n e r v e  (187) o r  the v e n t r o l a t e r a l  
hypothalamus (188) ,  a p a ra s y m p a th e t i c  c e n t r e ,  h a s  been  found to 
enhance  insu l in  r e l e a s e .  Conf irming  s tu d i e s  us ing  p a r a s y m p a t h o ­
mimetic  d r u g s  have  shown that  t h e s e  a ge n ts  i n c r e a s e  both in su l in  and 
glucagon s e c r e t i o n  (189).  Sympathe t i c  s t imula t ion of the i s l e t  c e l l s  
in i t i a t e s  a dual e f f e c t .  S t im ula t ion  of the s p lanchn ic  n e r v e s  (190) o r  
the ven tromedia l  hypothalamus  (191) e l i c i t s  a de c l ine  of insu l in  s e c r e t i o n  
and a c o n c u r r e n t  i n c r e a s e  of glucagon l e v e l s .  T h i s  effec t  is  exp la ined  
a s  being  due (24) to the  d i f fe r ing  a c t iv i t i e s  of the -  and B - a d r e n e r g i c  
r e c e p t o r s  of the i s l e t  c e l l s .  As it h a s  been shown n o r e p i n e p h r i n e  o r  
ep in ephr in  inh ib i ts  g lucose  mediated insu l in  r e l e a s e ,  while s t im u la t ing  
glucagon r e l e a s e  (24).  ©(^-Adrenergic b l o c k e r s  such  a s  phen to lamine  
o r  phenoxybenzamine  have  been  found to r e v e r s e  the  inhibi t ion of 
insul in  s e c r e t i o n  d u r in g  a ca techo lam in e  infusion (24).  No r e v e r s a l  
of th i s  inh ibi t ion,  h o w e v e r ,  h a s  been  o b s e r v e d  when p r o p r a n o l o l ,  a
B b l o c k e r  is a d m i n i s t e r e d .  Thus  © ( - r e ce p to r  ac t iva t ion  inhibi ts  
insul in  s e c r e t i o n ,  w h e r e a s  B s t im u la te s  insu l in  s e c r e t i o n .  A number 
of r e p o r t s  a l s o  c r e d i t  B a d r e n e r g i c  s t imulat ion  a s  the f a c t o r  r e s p o n s i b l e  
fo r  the e leva t ion  of g lucagon leve ls  (192).  T h e r e f o r e ,  it s e e m s  that 
t h e r e  is ev id ence  that  B r e c e p t o r s  mediate  an i n c r e a s e  in both insu l in  
and glucagon s e c r e t i o n  and that  «<- a d r e n e r g i c  s t imula t ion inh ib i ts  
insul in  r e l e a s e .  T h e r e  is  now convincing ev id ence  that the  oppos ing  
e ffec ts  ofo(  and B r e c e p t o r s  s t imula t ion upon insu l in  s e c r e t i o n  can  
o c c u r  s im ul taneous ly  (24).
(iv) C ho l ine rg ic  agen ts ;
Although t h e r e  is  no c l e a r  ev id ence  that  c h o l in e rg i c  a g e n t s  c a n  
affect  glucagon s e c r e t i o n ,  it h a s  been  shown by s e v e r a l  a u t h o r s  (193) 
that  they  enhance  insu l in  s e c r e t i o n .
(v) Cl in ica l  implication;
The  ac tua l  im por tance  of the autonomic sys tem on the s e c r e t i o n  
of the e n d o c r in e  p a n c r e a s  in v a r i o u s  pa tholog ica l  s t a t e s  is  not  so  
c l e a r .  H o w e v e r ,  the i n c r e a s e  in glucagon s e c r e t i o n  that  o c c u r s  in 
e x e r c i s e  and s t r e s s  is thought  to be  media ted  by the s ym pa the t i c  
n e rv o u s  sys tem (193).
E . N u t r i e n t s
(i) Glucose:
Normal ly  the level of g lucose  in the blood only v a r i e s  within 
n a r r o w  l imits;  in man it r a r e l y  r i s e s  above  120m g / 100ml o r  f a l l s  
below 60mg/100ml.  T h e r e  is a compl ica ted mechanism by which  the 
level of blood g lucose  is  main ta ined  within the normal  r a n g e  both 
du r in g  s t a r v a t i o n  and a f t e r  ea t ing  c a r b o h y d r a t e  food (167) .
It is  now well e s t a b l i s h e d  that  g lucose  is a po ten t  s t im u la to r  of 
insu l in  s e c r e t i o n .  Foa_e t .  _aJ. (194) w e re  the f i r s t  to s u g g e s t  that  
g lucagon  might be u n d e r  con tro l  of g lucose  c o n c e n t r a t i o n .  E d w a r d s  
and T a y l o r  (195) have  o b s e r v e d  in v i t r o  that glucagon s e c r e t i o n  can  
be  r ed u c e d  by e n e rg y  yield ing  foods ,  such  a s  g l u c o s e ,  f r e e  fa t ty  
a c id s  and k e t o n e s ,  and that  t h i s  s u p p r e s s i o n  is p r e v e n t e d  by b lock ing  
A T P  fo rm a t ion .  T h e s e  r e s u l t s  c o r r e s p o n d  to in vivo s t u d i e s ,  in which 
ag e n t s  that  block in t race l  lu la r  g lucose  m etabo l i sm,  such  a s  2 - d e o x y -  
g lucose  o r  m annohep tu lose ,  r e s u l t  in p a ra d o x ica l  h y p e r g l u c a g o n e m ia , 
d e s p i t e  e x t r a c e l  lu la r  hype rg lycem ia  (1^9). Insu l in  de f i c iency  a l s o  
r e s u l t s  in pa ra dox ica l  h ype rg lucagonem ia ,  i r r e s p e c t i v e  of the magnitude 
of hyperg lycem ia  (169).
(ii) Amino ac id s :
In well fed ind iv idua l s ,  the ingest ion of p r o te i n  e l i c i t s  a r i s e  in 
insu l in  and a r e l a t i v e ly  p a r a l l e l ,  though p r o p o r t i o n a l ly  s m a l l e r ,  r i s e  
in g lucagon (169).  A s s a n  et_. aj_. (196) s tud ied  the effect  of 22 ,  
including nonm eta l io l i zab le  amino a c id s  on glucagon s e c r e t i o n  in the  
r a t  i s o l a t e d - p e r f u s e d  p a n c r e a s .  They  found a r g in in e  and the  
s t r u c t u r a l l y  r e l a t e d  amino a c id s  w e r e  the most  e f f e c t i v e .  They  
s ug g e s t e d  that A^ cell  r e s p o n d e  to D (+) amino a c id s  and a r t i f i c i a l  
ana logues  of a rg in in e  i s  a s t r o n g  c a s e  f o r  the t h eo ry  of amino ac id  
r e c e p t o r s  on A^ c e l l s ,  t r i g g e r i n g  the r e l e a s e  of the ho rmone  b e f o r e  
f u r t h e r  metabo l i sm.
A c cord ing  to Unger  (169),  the r e l a t i v e  r e s p o n s e s  of insu l in  and 
glucagon may inf luence the fa te  of exogenous  amino a c i d s  e i t h e r  t o w a rd  
p r o te i n  b io s y n th e s i s  o r  g lucone oge ne s i s  and that  t h i s  biho rmonal  
r e s p o n s e  is condi t ioned by p r i o r  and c u r r e n t  c a r b o h y d r a t e  a v a i l a b i l i t y .
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(iii) F a t ty  a c id s :
E d w a r d s  eU aj_. (197) r e p o r t e d  a m arked  inhibi t ion of g lucagon 
r e l e a s e  by fat ty  a c id s  and k e to e  bod ies  in vivo and conc luded that  
A c e l l s  a r e  s e n s i t i v e  to v a r i a t i o n  of fat ty  acid  c o n c e n t r a t io n  within 
the phys io log ica l  r a n g e .  It h a s  been  shown (169) that  F F A  not only 
inhibi tsbasal  g lucagon s e c r e t i o n ,  but  a l s o  con tro l sg lucagon  s e c r e t i o n  
in r e s p o n s e  to hypoglycemia .  Th i s  could be i n t e r p r e t e d  a s  be ing  due  
to the l ipolytic  ac t ion  of g lucagon ,  s i n c e  the in ges t io n  of long-cha in  
t r i g l y c e r i d e s  is accom pan ie s  by a r i s e  in p a n c r e a t i c  g lucagon and 
an insign if i cant  r i s e  in insu l in  (169).  F a t - i n d u c e d  hy p e rg lu c ag o n e m ia ,  
l ike p r o t e i n - i n d u c e d  hype rg lucagonem ia ,  can  be p r e v e n t e d  by c a r b o ­
hy d r a t e  loading (169),  suppo r t ing  the concep t  f i r s t  p r o p o s e d  by Ea ton  
and Kipnis  (198) that  c a r b o h y d r a t e - i n d u c e d  hy p e r l i p o p ro t e in e m ia  may 
be the r e s u l t  of glucagon s u p p r e s s i o n .  Dobbs eU a L  (199) r e p o r t e d  
that  the infusion of g lucose  d u r in g  a fat  meal comple te ly  a b o l i s h e s  
f a t - induc e d  hyperg lucagonem ia  and s t im u la te s  an eno rm ous  r i s e  in 
in su l in ,  p r e c i s e l y  the  oppos i t e  of the i s le t  hormone  r e s p o n s e  to  fat 
a lone .
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C H A PT ER  2
MATERIALS AND METHODOLOGICAL DEVELOPMENT
po
2:1 I n t roduc t ion
S in c e  Hei lman and H e l l e r s t r o m  (44) r e p o r t e d  the e x i s t e n c e  of a rgy roph i l  
(A^) and non a rg y ro p h i l  (A^) c e l l s  and it was  shown that a rgy roph i l  is le t  
cell  (A^) is  iden t ica l  with D c e l l s  of Bloom (133 ,2 00) ,  is le t  h i s tophys io logy  
became a f ie ld  of in te ns iv e  r e s e a r c h .
The  c o - e x i s t e n c e  of be ta  c e l l s  with two types  of A c e l l s  (A^ and A^) h a s  
been  d e s c r i b e d  on the b a s i s  of well  e s t a b l i s h e d  t inc to r i a l  and s i l v e r  
impregnat ion  methods  (7).  The  development  of widely app l i cab le  immunocyto­
chemical  t echn iques  fo r  the c e l l u l a r  loca l iza t ion  of ho rm ones  h a s  now g r e a t ly  
f ac i l i ta ted  the iden t i f ica t ion  of i s le t  cel l  types  on the b a s i s  of t h e i r  hormone  
p r o duc t ion .
The  p u r p o s e  of t h i s  s e c t io n  is  to r ev iew  d i f f e ren t  t echn iques  including 
t i n c t o r i a l ,  s i l v e r  impregna t ion ,  immunofluorescent  and immunoperoxidase  
methods on the iden t i f ica t ion  and d i s t r ib u t io n  of the i s le t  c e l l s  in the p a n c r e a s  
of the r a t  and m o u se .
2:2 F ixa t ion
The  p o s s ib i l i t i e s  of s ta in ing  of the i s le t  c e l l s  of p a n c r e a s  s e l e c t i v e ly  by 
the d i f fe ren t  methods a r e  in f luenced by the c ho ice  of f ixa t ive .  In g e n e ra l  one 
is faced  with the problem of s e le c t i n g  a f ixa t ive  that  will p r e s e r v e  (a) the g r o s s  
and m ic ro sc op ica l  anatomy of the t i s s u e  to be  examined ,  (b) those  chemical  
compounds to be inves t ig a ted  and m o re  p a r t i c u l a r l y  t h e i r  h i s toc he m ica l ly  
r e l a t i v e  g r o u p s ,  and if p o s s ib l e  (c) o t h e r  c l a s s e s  of compounds which may 
s ubsequen t ly  become impor tan t  d u r in g  the c o u r s e  of an i n ves t iga t ion .  The  
more  common e f fec ts  of f ixa t ive  can  be  sum m ar ized  a s  inhibi tion of a u to ly s i s  
and p u t r e f a c t io n ,  p r e s e r v a t i o n ,  h a rd e n i n g ,  so l id i f i ca t ion  of co l lo id  m a t e r i a l ,  
opt ical  d i f f e ren t i a t ion  and effect  on s t a in in g ,  while somet im es  they ac t  a s  
mordant  and improve s ta in in g  (201).
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The  foundat ion of all good h is to log ica l  p r e p a r a t i o n s  is  adequa te  and 
complete  f ixa t ion .  F a u l t s  in f ixa t ion  can  not be r em edied  at  any l a t e r  s t a g e  
and the f in i shed  s e c t ion  can  only be  a s  good a s  i ts  p r im a r y  f ixa t ion .  A g r e a t  
deal  of e ffo r t  h a s  gone into the s tudy  of the p r o p e r t i e s  of f ixa t ives  which a r e  
es se n t i a l  in any h i s to log ica l  i nves t iga t ion .
The  r a t e  of p e n e t r a t i o n  of f ixa t ives  may be  dependen t  upon the spe ed  of 
r e a c t io n  be tw een  f ixat ion and t i s s u e  in addi t ion to the r a t e  of d iffusion  (202 ) 
a r e  a ff ec ted  by d i f fe ren t  f a c t o r s  l ike pH,  t e m p e r a t u r e ,  c o n c e n t r a t i o n  of 
f ix a t iv e s ,  e t c . F o r  example ,  at  low c o n c e n t r a t io n s  g lu ta r a ld e h y d e  is  m ore  
eff ic ient  at  pH 8 . 0  w h e r e a s ,  if p r e s e n t  to e x c e s s ,  i ts  p e r f o r m a n c e  is  b e t t e r  
at pH 6 . 5  (203, 204) .  The  fo rm alin  most  commonly used is  a b u f f e r e d  s o l u t i o n  
at o r  above  neu t ra l  pH (203).
The  lo ss  of s pec i f ic  en t i t i e s  d u r in g  f ixat ion is a n o th e r  f a c t o r  to be 
c o n s id e r e d  in the c ho ice  of f ix a t iv e .  OsteroWski  (205) inves t iga ted  th is  
a s p e c t  of f ixat ion and he found the lo ss  of p r o te i n  to be nil with fo rm a ld e h y d e ,
1 .4  p e r  cent  with C a r n o y ' s  f lu id ,  8 .1  p e r  cent  with e thano l ,  13 p e r  cent  and 
32 -  29 p e r  cent  with f r e e z in g  t e c h n iq u e s .  Hop wood (206) noted the  e f f ic iency  
of both g lu ta r a ld e h y d e  and fo rm aldehyde  a s  p r o t e i n  f ixat ion . . .  _
The  lo ss  of o th e r  s u b s t a n c e s  l ike l ipid,  m u c o s u b s t a n c e s ,  c a r b o ­
h y d r a t e s ,  nuc le ic  a c id s  and low m o le c u la r  weight  s u b s t a n c e s  l ike A T P ,  
c a te c h o la m in e s ,  h a s  a l s o  been  s tud ied  by many in v e s t ig a t o r s  (201 ).
It i s  e s se n t i a l  to know the effect  of f ixa t ives  on the r e a c t i v e  g r o u p s  of 
the v a r i o u s  t i s s u e  components .  In g ene ra l  f ixa t ives  h a rd e n  t i s s u e  b e c a u s e  
they r e d u c e  the so lub i l i t y  of i ts  c o n s t i t u e n t s .  T h i s  is e ffected by i n t e r -  
m o lecu la r  b r i d g e s  that  may be formed by mechan isms  a s  f o i  lows:
1. Covalen t  a s  with bifunct ional  a ldehydes  such  a s  g l u t a r a l d e h y d e .
It h a s  been  p r o p o s e d  that  the effect  of g lu ta r a ld e h y d e  is p r o d u c e d
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by p r e f e r e n t i a l  r e a c t i o n  with p r im a r y  amino g r o u p s ,  e s p e c i a l l y  those  
of ly sine  and a l s o  with sulphhydryl, phenol ic  and imidazole  g r o u p s .
The  r e a c t i o n  of g lu ta r a ld e h y d e  with p ro te in  is pH dependen t  and 
the r e l a t i v e  amounts  of g lu ta r a lde hyde  po ly m e rs  to monomer v a r i e s  
with pH (207,  208 ,  209) .
2 .  Che la t ion  of a heavy metal  such  a s  osmium with two ad jacen t  p r o te i n  
m o le c u le s .
3 .  P r e c i p i t a t i o n  b e c a u s e  of r educ t ion  of cha iges  and i n c r e a s e  in 
hydrophospho l i c i ty  a s  with fo rm a ldehyde ,  m e r c u r i c  c h l o r i d e ,  o r  
p i c r i c  a c id .  P r e c i p i t a t i o n  b e c a u s e  of removal of w a t e r  a s  with 
a c e tone  o r  e thano l ,  o r  a c id -e thano l  m ix t u re s .
The  reac t ionsof  fo rm aldehyde  with t i s s u e  p r o t e i n  a r e  num erous  and complex 
s in c e  it c an  combine with a number  of d i f f e ren t  funct ional  g r o u p s  in many c a s e s  
forming l inks be tw een  them. To th is  funct ion of fo rming  l inks be tw een  a d jacen t  
p r o te in  c h a in s  fo rm alin  owes  i ts  s u c c e s s  a s  a po lymer iz in g  f ixa t ive  (203).
M e rc u ry  (Hg), l ike o th e r  meta l ic  i o n s ,  combines  with ac id  g r o u p s  of 
p r o t e i n s .  It a l s o  h a s  s e l e c t i v e  affinity  to thiol (SH) g ro u p s  and c o n t r i b u t e s  
in the binding  of small m o lecu le s  to p r o t e i n  to form s t r o n g  com plexes  (203).  
P i c r i c  ac id  r e a c t s  with p r o t e i n s  to form p i c r a t e s  (201).  It i s b e l i eved  (203) 
that  a lcohol  a c t s  by tu rn ing  the  p r o te in  c ha in s  o u t w a r d s ,  b r e a k in g  the hyd ro g en  
bonds  and sa l t  l inks and thus  r e v e a l in g  the end g r o u p s  of the s id e  c h a in s  to a 
v a ry in g  e x te n t .  H o w e v er ,  most  of the r e a c t i o n s  tak ing p l a c e  be tw een  f ix a t iv e s  
and t i s s u e  components  a r e  r e v e r s i b l e ,  so  that  t r e a tm e n t  of f ixed  t i s s u e  even 
by washing leaves  the m ajo r i ty  of ac t ive  g roups  in a condi t ion to r e a c t  with 
any r e a g e n t s  which might be  u s e d .
The e f fec ts  of dé n a tu ra t i o n  a r e  to some exten t  r e v e r s i b l e  and many of 
the o r ig ina l  p r o p e r t i e s  of the p r o te in  may be r eg a in ed  when the d e n a tu r in g
bl
agent  is removed (201, 210) .  C l a s s i c a l  f ixat ive is formol  s a l i n e  o r  bu f fe red  
fo rm a l in ,  but s inoemost  of the f ixa t ive s  have  both advan tages  and d i s a d v a n t a g e s  
they a r e  most ly  used  a s  m ix t u r e s .  F o r  example ,  a ce t ic  acid  o r  t r i c h l o r o ­
ace t ic  ac id a r e  n e v e r  u sed  a lone  b e c a u s e  they p r o d u c e  swe l l ing  of the c e l l s ,  
but in compound f ixa t ive s  they a r e  used  to c o u n te r a c t  the s h r i n k a g e  p r o d u c e d  
by o t h e r  r e a g e n t s  (201 ).
A.  M a te r i a l s  and Methods
1 . P r e p a r a t i o n  of bu f fe r  so lu t ions
(i) S o r e n s e n ' s  phospha te  bu f fe r  (201) pH range  5 . 3  -  8 
So lu t io n s  r e q u i r e d .
M/15 sodium phospha te  d i b a s i c  (Na2HP04)  p r e p a r e d  by 
d i s s o lv in g  9 .4 6 5 g  of the s a l t  in d i s t i l l ed  w a te r  and making 
up to 1 l i t r e  in a m e a s u r in g  f l a s k .
M/15 po tass ium  acid phospha te  (KH2P O 4 ) p r e p a r e d  by 
d i s s o lv in g  9 .0 7 g  in d i s t i l l ed  w a te r  and making up to 1 l i t r e .
To p r e p a r e  M/15 buf fe r  solu t ion  the a p p r o p r i a t e  amount of 
each  so lu t ion  was  taken  in m i l l i l i t r e s  and the pH was  a d ju s t e d .
(ii) S a l in e  so lut ion (0.9%)
0.9% s a l in e  so lut ion was p r e p a r e d  by d i s s o lv in g  9g of 
sodium c h lo r ide  in 1000ml of d i s t i l l ed  w a t e r .
(iii) P h o s p h a te  buf fe r  s a l i n e  ( P . B . S . )  pH = 7 . 4 .
So lu t ion  A: NaCI 40g
KGI I .Og
Na2H P q ^ ( 12H20 ) 1 4 . 5g
KH^PO^ I .Og
water, to 4000
62
Solu t ion  B: CaCl2 0 . 5 g
w a te r 500ml
MgCl2 0 . 5 g
water 500ml
Solu t ion  B was  added to so lut ion A with v igo ro u s  s t i r r i n g .
(iv) Walpole’s  a c e t i c  ac id  sodium a c e t a t e  buf fe r  (201) pH r a n g e  3 . 6  -  5 . 6  
So lu t ion  r e q u i r e d .
0 .1N  a c e t ic  ac id  p r e p a r e d  by di lu t ing  glac ial  a c e t ic  ac id  (mol wt 
60 .03 )  and t i t r a t i n g  a ga in s t  0 . IN a lk a l i .
O . IN  sodium a c e t a t e  p r e p a r e d  by d i s s o lv in g  8 .2 0 4 g  (o r  1 3 .6g of h y d r a t e d  
c r y s t a l s )  in d i s t i l l e d  w a te r  and making up to 1 l i t r e  in a m e a s u r in g  
f l a s k .
To p r e p a r e  buf fe r  solu t ion  the a p p r o p r i a t e  amount of a c e t i c  ac id  
and sodium a c e t a t e  so lu t ions  w e r e  obtained and mixed t o g e t h e r .
2 .  F i x a t i v e s .
(i ) 10% formol s a l in
formalin  (40 p e r  cent  formaldehyde)  10ml
sodium c h lo r id e  0 . 9 g
d i s t i l l ed  w a te r  100ml
(ii) 15% formol  s a l in
(iii) bu f fe red  formalin  (201 )
fo rmalin  10ml
acid  sodium phospha te  monohydra te  - 0 . 4 g
anhydrous  disodium phospha te  0 .6 5 g
w a te r  to 100ml
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(iv) formol  calcium (Li ll ie ,  201)
fo rmalin 10ml
calcium a c e t a te  2g
-  w a te r  to 100ml
(v) B o u in ' s  fluid (201)
p i c r i c  a c id ,  s a t u r a t e d  aqueous  so lut ion 75ml
fo rmalin 25ml
glacial  a ce t ic  ac id  5mI
(vi) B o u in ' s  fluid without  p i c r i c  a c id .
(vii) H e l l y ' s  f luid ( Z e n k e r  fo rm ol ,  201)
m e r c u r i c  c h lo r id e  5g
potass ium d ich rom ate  2 . 5g
sodium su lp ha te  1g
d i s t i l l ed  w a te r  to 100ml
add formalin immediately b e fo r e  u se  5mI
(yi i i ) 1% t r i c h lo r o a c e t i c  ac id  d i s s o lv e d  in 70% ethanol
( ix )  95% ethanol
(x) 70% ethanol
( x i )  methanol  ( 100%)
(xi i )  s a t u r a t e d  p i c r i c  ac id  followed by 95% ethanol
(xi i i ) C l a r k e ' s  fluid (201)
a bso lu te  a lcohol  75ml
glacial  a c e t ic  ac id 25ml
( x iv )  bu f fe red  g lu te ra ldehyde  ( 2,01 )
g lu ta r a lde hyde  s tock 30 p e r  cen t  solut ion  16ml
(AR)
phospha te  bu f fe r  pH 7 . 4  84ml
(xv) g lu ta r a ld e h y d e  formol  s a l ine
g lu ta r a ld e h y d e  4m I
fo rm alin  6m I
sodium c h lo r id e  0 . 9 g
d i s t i l l e d  w a te r  100ml
(xv i)  10% buf fe red  formal  in with d i ff e ren t  pH r a n g e s .
T h e s e  f ixa t ive s  w e re  p r e p a r e d  by mixing 10ml of fo rm alin  with 
phospha te  b u f fe r s  f rom d i ff e ren t  pH r a n g e s  5 . 3  -  8 
( x v i i )  modified R e g a u d ' s  f luid (201)
2% po tass ium  d ich rom ate  80ml
fo rm alin  (40% formaldehyde)  20ml
add a c e t i c  ac id  immediately b e fo re  u s e  5ml 
( x v i i i )  formol  c a cody la te  bu f fe r  (211 )
formal in (40% formaldehyde)  10ml
0.08M c a c o d y la te  bu f fe r  pH 7 . 2  90ml
ca lcium c h lo r id e  0 .0 5 g
2:3 Histological  S t a i n s
The  p r inc ipa l  h is to log ica l  s t a i n s  used  to d e m o n s t r a t e  the p a n c r e a t i c  i s le t  
c e l l s  can  be d ivided  into s i l v e r  and " g r a n u l e "  s t a i n s .  The  r e l a t i o n s h ip  be tw een  
the d if fe ren t  cel l  t ypes  of the i s l e t s  d i f f e re n t i a te d  by th e s e  s t a i n s  h a s  been  the 
subjec t  fo r  many d iv e rg e n t  i n t e r p r e t a t i o n s  ( 1 , 7 , 4 2 , 4 5  ) .  The  d i v e r g e n c e  of 
t h es e  r e s u l t s  is  p ro b ab ly  due  to the u se  of d i f f e ren t  methods
The object  of t h i s  p a r t  of th is  s tudy  was to deve lop  a method o r  m e thods ,  
on the b a s i s  of t inc to r i a l  and s i l v e r  impregnat ion  t echn iques  to s tudy  the 
d i s t r ibu t ion  of i s le t  c e l l s  in the r a t  and the m ouse .
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1 A . T inc to r ia l  t echn iques  
Th e o ry  of s ta in ing:
The  object  of s ta in ing  t i s s u e  is  to impart  co lou r  and t h e r e f o r e  c o n t r a s t  
to spec i f ic  t i s s u e  c o n s t i t u e n t s .  The  th eo ry  of s ta in ing  is a v e r y  complex 
sub jec t  and is not fully u n d e r s to o d .
(a) Phys ica l  t h e o r i e s :
All s ta in in g  r e a c t i o n s  may be expla ined  by phys ica l  t h e o r i e s  
which a r e  dependen t  on s imple solub i l i ty  and a d so rp t ion  o r  e l e c t r i c a l  
t h eo ry  of s ta in ing  (201 ).
(b) Chemical  t h e o r i e s :
The  e a r l y  w o rk s  in the f ield  of s ta in ing  held the th e o r y  that  an 
ac tua l  chemical  combinat ion of dye and t i s s u e  components  t a k e s  p l a c e .  
While it i s  g e n e ra l l y  t r u e  that acid  dy e s  s t a in  ba s ic  e lem ents  and b a s i c  
dy e s  s t a in  acidophi l  I m a t e r i a l s ,  t h i s  is  f a r  f rom be ing  the  comple te  
t ru th ;  indeed haematoxyl in ,  which is  an acid  dye ,  d o e s  not s t a in  the 
c y top la sm ,  but  (in the p r e s e n c e  of mordant )  is one of the most widely 
used  n u c l e a r  s t a i n s .  On the  o t h e r  hand most dyes  a r e  c l a s s i f i e d  and 
r e a c t  a s  e i t h e r  ac id  o r  b a s ic  dy e s  and combine with b a s i c  o r  ac id  
t i s s u e  components  r e s p e c t i v e l y .  F u r t h e r m o r e ,  t h e i r  ac t ion  is  
modif ied by the pH of solu t ion in which they a r e  employed ,  s in c e  
although the nuc leus  may be  c o n s id e r e d  a s  an ac id t i s s u e  component  
and cytoplasm a s  b a s i c ,  they both exhibi t  amphoter i c  c h a r a c t e r i s t i c s , 
that  is  they have  the capac i ty  to ionize a s  a c id s  o r  b a s e s ,  depend ing 
upon the medium immediately s u r r o u n d in g  them.
T h e r e f o r e ,  s ta in ing  should be  c o n s id e r e d  a s  being func t iona l ly ,  
if not comple te ly ,  chemical  in n a t u r e .
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All o r d in a r y  s t a i n s  a r e  s a l t s  composed  of an ac id  and a b a s e  
and depending  on w he the r  the acid  o r  the b a s e  component i s  c o l o u r e d ,  
they  a r e  c a l l ed  ac id dy e s  o r  b a s ic  dyes  r e s p e c t i v e l y .  In neu t ra l  d y e s ,  
w h e r e  both the ac id  and b a s i c  r a d i c l e s  a r e  c o lou re d  and s t a i n s  n e u t r o ­
phi l ic  e l e m e n t s .  S imple  aqueous  o r  a lcohol ic  so lu t ions  of c e r t a i n  d y e s ,  
such  a s  the coal  t a r  d e r i v a t i v e s ,  s ta in  the t i s s u e  d i r e c t l y .  Some o t h e r  
s t a i n s ,  h o w e v e r ,  will not s ta in  t i s s u e  in a s imple so lu t ion  u n l e s s  a 
th i rd  element  is  p r e s e n t .  Th is  th ird  e le m e n t , " m o rd a n t" , i s  only s t r i c t l y  
app l i cab le  to s a l t s  and h y d rox ide s  of d ivalen t  and t r i v a le n t  m e t a l s .  
T h e s e  a r e  be l i eved  to form a link be tw een  the t i s s u e  and the s ta in  (201).  
The  term " m ordan t"  should not be  used  to ind ica te  any s u b s t a n c e  that  
improves  s ta in ing  in some o th e r  m anner  ( a c c e n tu a t o r s  and a c c e l e r a t o r s )
( 201 ).
(c) M etachromas  i a ;
The  m ajo r i ty  of d y e s  s t a in  t i s s u e s  in d i f fe r ing  d e g r e e s  of in tens i ty  
of the same c o l o u r .  F o r  example ,  acid  fuchs in  s t a i n s  t i s s u e  in v a r y i n g  
s h a d e s  of r e d  (201).  T h e r e  a r e ,  h o w e v e r ,  c e r t a i n  t i s s u e  components  
which in the p r e s e n c e  of dy e s  s ta in  a c o lo u r  o th e r  than that  of the  d y e .  
Such  a s ta in ing  r e a c t i o n  is  known a s  m etach rom as  i a .
B a s i c  dyes  a lone  o r  in spec ia l  cond i t ions  have been  employed to 
d i f f e re n t i a l l y  s ta in  i s le t  c e l l s .  Most of the s ta in ing  r e a c t i o n s  have  
been  d e s c r i b e d  a s  m e tach rom as ia  and some of them o r t h o c h r o m a s i a .
(d) Spe c i f i c  s ta in ing  of p a n c r e a t i c  is le t  c e l l s .
S p e c i f i c i ty  of s ta in ing  inf luenced by d i f fe ren t  f a c t o r s  l ike pH ,  
t ime,  f ixa t ive ,  p r e t r e a t m e n t  such  a s  ac id  h y d r o ly s i s  and ox ida t ion ,  
h a s  been  widely inves t ig a t ed .
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Aldehyde fuchs in  a lone  (212) o r  p r e c e d e d  by oxidat ion  ( S c o t t ,  1952) 
(40) h a s  been  used  a s  a s ta in  fo r  be ta  c e l l s  of the p a n c r e a t i c  i s l e t s  and 
in the hi s topa tho log ic  d iagnos i s  of in su l inomas .  G.  B usso la t i  and 
T .  B a s s a  (213) o f fe red  the th io su lfa t ion  aldehyde fuchs in  (TAF) 
p r o c e d u r e  which had adva n ta ge s  o v e r  S c o t t ' s  oxidat ion  a ldehyde  
fuchs in  s ta in ing  in that  s ta in in g  was m ore  in tense  and e a s i l y  r e p r o d u c i b l e . 
R .  Bangle  (214) s t a t e s  that an in tense  metachromat i sm  of be ta  g ranul  e s  
o c c u r r e d  in so lu t ion  of methyl violet  2B and c r y s t a l  violet  and that  th i s  
r e a c t i o n  was  r ec o g n ize d  only a f t e r  oxidat ion p r i o r  to s t a in in g .  In 
1958 T . S c h i e b l e r  (215) r e p o r t e d  that  B cel Is of the p a n c r e a t i c  i s le t  
r e a c t e d  m etach rom at ica l ly  to pseudo isocyan in  a f t e r  oxidat ion  of the 
t i s s u e  with an ac id i f i ed  so lut ion of KMN04. T . H .  S c h i e b l e r  and
S .  S c h i e s s l e r  (216) a s c r i b e d  th is  r e a c t io n  to the p r e s e n c e  of S o^  
g roups  found by the sp l i t t ing  and oxidat ion of d i su lph ide  b o n d s .
A c cord ing  to t h e s e  a u t h o r s ,  a c o r r e s p o n d in g  m etach rom at ic  r e a c t i o n  
can  not be  c a u se d  by o r d i n a r y  m etachrom at ic  dyes  such  a s  to ludine  b lu e .  
T .  Fu  j i ta  and K.  Takaya  (4"3 )> h o w e v e r ,  r e p o r t e d  that  p a n c r e a t i c  
be ta  c e l l s  showed an in tense  m e ta ch rom as ia  when pa ra f f in  s e c t i o n s  of 
p a n c r e a s  f ixed in B ou in ' s  fluid o r  formalin  without p r e v i o u s  oxidat ion  
w e r e  dipped for  1 min in 0 . 1% aqueous  solut ion  of tolud ine  blue  0 , 
bu f fe red  to p H 6 .0  with a c e t a te  o r  p h o s p h a te .  The r e a c t i o n  was  
r em a rk a b ly  in tens if ied by p r i o r  ox ida t ion .  The  cy top lasm of the  A 
c e l l s  could be rec o g n ize d  by i ts  o r th o c h ro m a t i c  c o l o u r .  Manocchio 
and C o w o r k e r s  (217) obtained  a c h a r a c t e r i s t i c  m e tach rom at ic  with 
b a s ic  s t a in s  in c e r t a i n  A c e l l s  in the p a n c r e a s  of the dog ,  b i r d  and man .  
Su b s e q u e n t ly ,  s e v e r a l  au th o r s  have  s ta ine d  same s e c t i o n s  f i r s t  by the
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Hel Im an-H e l l es t rom  techn ique  (44) and then with tolud ine  blue at pH5,
showing that th is  s i l v e r  impregnat ion and the m e ta ch rom as ia  o c c u r r e d
in the same c e l l s  in the f ro g ,  p ig ,  monkey,  dog,  guinea  pig and man .
B o u in ' s  f ixat ive  o r  g lu te ra ldehyde  p i c r i c  acid m ix tu re  (218) was  used
for  s ta in ing  th is  c o r r e l a t i o n .  S o lc ia  eL. a L  (219) o b s e r v e d  that hot
Hcl t r e a tm e n t  i n c r e a s e d  basoph i l ia  r e a c t io n  of e ndoc r ine  c e l l s  and
lead to b e t t e r  d i sp lay  of morphological  f e a t u r e s .  Af te r  such t re a tm en t
some of the b a s ic  dyes  heavi ly  s ta ined  A and D c e l l s  of p a n c r e a t i c  i s l e t s .
The inf luence  of f ixa t ives  on the metachromat ic  r e a c t i o n  of A^ and Ag
was  inves t ig a ted  (217).
it was  noted that  in human i s le t  of L ange rhans  with a f ixa t ive  of
B ou in ' s  type ,  the metachromat ic  c e l l s  at  pH5 c o r r e s p o n d  uniquely to
the A^ c e l l s .  H ow e ver ,  when the f ixa t ive  was  an unmodif ied a ldehyde
both A^ and A^ c e l l s  showed und i f fe ren t i a ted  m e ta ch rom as ia  at pH5.
Lead-haematoxy I in yvhich was employed to s ta in  A c e l l s  s e l e c t i v e ly  by
Soldka e t .  a ] . (95) be h a v es  d i f f e re n t ly  f rom b a s i c
d y e s .  O the r  s ta in ing  methods ,  like empi r ica l  s ta in in g  of all i s le t  c e l l s
by a ldehyde fu ch s in ,  ponceau  de  xy l id ine,  ac id  fuchs in  and
light g r e e n  (92) M a l lo ry -azan  s ta in  (133, 220) ,  heamalum e r y t h r o s i n -
s a f f ro n ,  G om or i ' s  chromium heam ato xy l in -ph lox in e ,  I v i c ' s  v i c t o r i a
b l u e - fu ch s in  and toludine b l u e - e r y t h r o s i n  o ran g e  (221 ) have  a l s o  been
used  to examine the I s l e t  cells*.'.
/
in r e l a t i o n  to d if fe ren t  methods which have been  used  fo r  s tudy  of 
p a n c r e a t i c  i s le t  c e l l s ,  the object  of th is  sec t ion  was  to deve lop a method 
o r  methods fo r  ident i f i cat ion  of p a n c r e a t i c  is l e t  c e l l s  of the r a t  and m o u se .
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I B .  M a te r i a l s  and Methods
1. M a te r i a l s
(i) Animals:  Wistar  Albino (W/A) r a t s  and Lean l i t t e r  m ates  of obese  
mice (ob/ob)  of d i f f e ren t  a g e s  w e r e  used  in t h i s  s tu dy .  T h e s e  
an im als  w e r e  b r e d  at the Un ive rs i ty  of S u r r e y  Animal Unit .
(ii) Chemica ls :  The  fol lowing chemical  and dyes  w e r e  most ly  obtained 
from Raymond Lamb (England) ,  u n l e s s  o th e r w i s e  s t a t e d .
Haematoxyl in  (Ehrl ich)  ac id  (4627)
Neut ra l  Red ( C . i .  No .50040)
E os in  ( C . I .  N o . 45380)
Haematoxyl in  ( H a r r i s )  ( C . I .  N o . 75290)
Alcian Blue  ( C . I .  N o . 74240)
Anil in Blue ( C . I  . N o . 42755)
A z ur  A Eos in  
Aldehyde F uc hs in  
A z u r  A ( C . I .  N o . 52005)
F u c h s in  B a s i c  ( C . I .  N o . 42510)
Light G r e e n  ( C . I .  N o . 42706)
Toluidine Blue  ( C . I .  N o . 52040)
Ponceau  Fu c h s in  (Masson)
To lu id ine  Blue  (O) ( B . D . H .  Chem ic a ls  L t d . , England)
D . P . X .  ( B . D . H .  C hem ica ls  L t d . , England)
T i s s u e  bond (H a r l e c o ,  U . S . A . )
Methods
(i) P r e p a r a t i o n  of t i s s u e  sec t io n s :  P a n c r e a t i c  t i s s u e  was  obtained 
from r a t s  and mice t r a n s f e r r e d  to f ix a t iv e .  Af te r  f ixa t ion the
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spec im ens  w e re  washed fo r  a p e r io d  of time e i t h e r  in d i s t i l l ed  w a te r
o r  in runn ing tap w a t e r ,  then d e h y d ra t ed  in g raded  a l c o h o l , c l e a r e d
in xylene  and embedded in pa ra f f in  wax at 56°C a c co rd ing  to convent ional
t echn ique .  S e r i a l  s e c t i o n s  w e re  cut at 4 -  6 u,  laid on s l i d e s  with a
d rop  of w a te r  a n d d r î e d i n  an oven at 40°C fo r  at leas t  12hr .  D i f fe ren t
m ethods ,  in addi t ion to the one mentioned above ,  w e r e  a l s o  app l ied to
fix the s e c t io n s  to s l i d e s .  T h e s e  involved us ing al^Jminized ,  s t a r c h e d
and ge la t in ized  s l i d e s  and us ing  t i s s u e  bond to a t tach  s e c t i o n s  on the
s l i d e .  F r o z e n  s e c t i o n s  w e re  cut on t h e  c r y o s t a t  and e i t h e r  l e f t  u n f i x e d
o r  f ixed b e fo re  s t a in in g .
3.  B a s i c  d y e s  b e fo r e  and a f t e r  acid h y d r o ly s i s
(i) H y d r o ly s i s :  0.2NHCI and 1% w e r e  chosen  with 3 -  lOhr 
h y d r o ly s i s  p e r i o d s  at 60 -  65°C o r  room t e m p e r a t u r e .  (Higher  
c o n c e n t r a t io n s  of HCI was avoided b e c a u s e  of i ts  d e s t r u c t i v e  
ac t ion to the t i s s u e s . )
(ii) S t a in s :  The fol lowing ba s ic  dy e s  w e re  t r i e d .
tolu id ine  b lue ,  toluidine  b lue  O,  A z u re  A,  methyl blue  and 
Alcian b l u e .
(iii) S ta in ing  p r o c e d u r e :  aqueous  so lu t ions  of s ta in in g  w e r e  made in 
d i f fe ren t  c o n c e n t r a t i o n s  of 0 .1  -  0 .005% with v a ry in g  pH va lu e s  
rang ing  from 1 to 8 . The d i f fe ren t  pH v a lue s  w e r e  made e i t h e r  
with 0.1m S o r e n s e n ' s  phos | iha te  buf fe r  and 0.1m Walpole 's  a c e t i c  
sodium a c e t a te  buf fe r  o r  s imply with HCI and NaOH.
The t ime of s ta in in g  a lso  v a r i e d  from 2 se c  to 5 min.
The  s e c t io n s  w e r e  dew axed ,  b rought  to w a te r  th rough  g r a d e d  
alcohol  and e i t h e r  h y d ro ly se d  o r  not t r a n s f e r r e d  to one of the 
s ta in ing  s o lu t io n s .  The  s e c t i o n s  w e r e  then r in s e d  in d i s t i l l e d
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w a t e r  and e i t h e r  examined u n d e r  the m ic ro sc o p e  o r  deh y d ra ted  
th rough  g rad e d  e th ano l ,  c l e a r e d  in xy lene ,  and mounted fo r  
o b s e rv a t io n  by light m ic ro sc o p y .
4 .  B a s i c  d y e s  b e fo r e  and a f t e r  oxidat ion and th iosu lfa t ion
(i) S t a in s :
(a) P r e p a r a t i o n  of a ldehyde  fuchs in:  The  s ta in ing  solut ion  was 
made a c c o r d in g  to Cull ing (201) by d i s so lv ing  Ig b a s ic  
fuchs in  in 200ml 70% ethyl a lcohol  conta in ing  1% HQ and 1% 
p a ra ld e h y d e  ( f r e sh ) .  The solut ion  was kept  fo r  48 h r  b e f o r e  
use  at room t e m p e r a t u r e .  The  s tock  so lu t ion  without 
p a ra ld e h y d e  was  kept  up to 3 months in the cold  room (4°C) .
(b) To lu idine  blue:  Sta in ing  so lu t ion  was  made a s  d e s c r i b e d  
e a r l i e r  ( pp l3 ) .
(c) Lugol’s  iodine sol : .  So lu t ion was  made by d i s s o lv in g  1 g iodine 
and 2g po tass ium c h lo r id e  in 100ml d i s t i l l ed  w a t e r  (201 ) .
(ii) S t a in ing  p r o c e d u r e :  The  s e c t i o n s  w e r e  b rought  to w a t e r  th rough  
g ra d e d  ethanol  and e i t h e r  s ta ine d  d i r e c t l y  with a ldehyde  fuchs in  
o r  p r e c e d e d  by d i ff e ren t  p r e t r e a t m e n t  be fo re  s t a in ing  a s  fol lows :
(a) G om or i ' s  a ldehyde  fuchs in  method (212) .
1. The  s e c t i o n s  w e r e  b rought  to w a t e r ,
2 .  t r a n s f e r r e d  to Lugols iodine fo r  20 -  60 m ins ,
3 .  p laced  in 5% sodium th io su lpha te  fo r  3 - 5  m ins ,
4 .  washed in running  tap w a te r  fo r  3 mins ,
5 .  r i n s e d  in 90% a lc oho l ,
6 . t r a n s f e r r e d  to s ta in ing  so lu t ion  fo r  p e r i o d s  of 5 -  20 m in s .
(b) Method of Sco t t  (40):
1. D eparaf f in ized  s e c t i o n s  from w a te r  t r a n s f e r r e d  to a 
mix tu re  of equal p a r t s  of 0 .5% po tass ium pe rm a n g an a te  
and 0 .5% s u l fu r i c  acid  f o r  2 m ins ,
2 . r i n s e d  in w a t e r ,
3 .  d e c o lo r i z e d  in 2% sodium b i s u l p h i t e , ,
4 .  washed  in tap w a te r  fo r  2 m ins ,
5 .  t r a n s f e r r e d  to s ta in in g  so lut ion fo r  p e r i o d s  of 5 -  20 m ins .
(c) Th iosulfa t ion  a ldehyde fuchs in  p r o c e d u r e  (213):
1 . The  s e c t i o n s  from w a te r  w e r e  t r a n s f e r r e d  fo r  p e r i o d s  
of 1 -  6h r  at room t e m p e r a t u r e  into a f r e s h ly  made 
solut ion obtained by mixing 40ml of 0 .5Mammonium- 
hyd rox ide ,  40ml of 0 .0 2 5 M c u p r i c  su lf a te  and 10ml of
0.2IVIsodium metabisulTIte (ad jus ted  to pH9 by adding  a 
few d r o p s  of c o n c e n t r a t e d  ammonia if r e q u i r e d ) .
2 .  The s e c t i o n s  w e r e  then r i n s e d  in w a t e r ,
3 .  p laced  in one of the s t a in ing  so lu t ions  fo r  p e r i o d s  of 
1 - 1 5  mins .
(d) Modif ication of method of S c o t t :
1. The s e c t i o n s  w e r e  b rought  to w a t e r ,
2 .  t r a n s f e r r e d  to Lugols iodine fo r  30 m ins ,
3 .  p laced  in 5% sodiyjm th iosu l fa te  fo r  3 - 5  m in s ,
4 .  washed in running tap w a t e r ,
5 .  followed method of S c o t t .
(iii) Mounting:
(a) The s e c t io n s  from a ldehyde  fuchs in  solu t ion w e r e  d i r e c t l y
t r a n s f e r r e d  to 95% ethanol  fo r  a few se co n d s  and a f t e r  s e v e r a l
r i n s e s  in 95% a lcoho l ,  p r o c e s s e d  fo r  mounting in D . P . X .
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C oun te r s t a in ing  with 0 .5% light g r e e n  for  30 s e c s  was  
oc c as iona l ly  employed.
(b) The  s e c t io n s  which w e r e  s ta ine d  in toluidine  blue w e re
r in s e d  in d i s t i l l ed  w a t e r ,  p a s s e d  through g r a d e d  alcohol  to 
xy lene and mounted in D . P . X .
5 .  Lead haematoxyl in  b e fo r e  and a f t e r  ac id  hyd ro ly s i s
The  s ta in ing  p r o c e d u r e  was  followed a s  d e s c r i b e d  by E .  S o lc ia  
e t . . (95) with small modif ica t ions .
(i) P r e p a r a t i o n  of s ta in  so lut ion:  A 5% so lut ion of lead n i t r a t e  in 
dis t i l  led w a te r  was added to an equal volume of a s a t u r a t e d  aqueous  
so lu t ion  of ammonium a c e t a t e .  The  mix ture  was f i l t e r e d  and 2mI
of 40% formaldehyde w e r e  added to e v e ry  100ml of f i l t r a t e .  Th i s  
s tock  of s ta b i l i z ed  lead so lu t ion  was  s to r e d  at room t e m p e r a t u r e .
The  s t a in  was  p r e p a r e d  by adding 0 . 2 g  of haematoxyl in  (in 1 .5ml 
of 95% alcohol)  to 10ml of lead so lu t ion  and di lu t ing with 10ml 
d i s t i l l e d  wa te r ;  the m ix tu re  was  s t i r r e d  r e p e a t e d l y .  A f te r  30 mins 
it was  f i l t e r e d ,  made up to 75ml by adding d i s t i l l ed  w a t e r ,  and u s e d .
(ii) S ta in ing  p r o c e d u r e :
1. The  s e c t io n s  w e r e  b rough t  to w a te r  through g r a d e d  ethanol  
and e i t h e r  s ta ined  d i r e c t l y  by p lac ing  s e c t i o n s  in s t a in ing  
solu t ion fo r  p e r i o d s  of t im e ,  o r  p r e c e d e d  by acid  h y d r o ly s i s  
b e fo r e  s ta in in g .  ^
2 .  The s e c t i o n s  from s ta in ing  so lu t ion  w e r e  t r a n s f e r r e d  to w a t e r ,
3 .  p a s s e d  through g rad e d  alcohol  and xylene and mounted in D . P . X .
6 .  Empi r ica l  s ta in in g  of all i s le t  c e l l s  t o g e th e r  by us ing  
ponceau  fuchs in  and neut ra l  r ed  in s ta in in g  combinat ions
1. S e c t i o n s  w e r e  s ta ined  in a ldehyde  fuchs in .
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2 .  r i n s e d  in 70% a l c o h o l ,
3 .  r i n s e d  in d i s t i l l ed  w a t e r ,
4 .  t r a n s f e r r e d  to e i t h e r  0 .01% aqueous  solu t ion  of neu tra l
r e d  o r  0 .1% ponceau  fuchs in  fo r  p e r i o d s  of 10 s e c s  to 2 m ins .
5 .  The  s e c t i o n s  s ta ine d  in ponceau  fuchs in  w e r e  p laced  in 5% 
phosphotungs t ic  acid  fo r  5 m in s ,
6 .  s e c t i o n s  w e r e  r i n s e d  in d i s t i l l ed  w a t e r ,
7 .  s ta ined  in 0 .05% light g r e e n  fo r  a few s e c o n d s ,
8 .  t r a n s f e r r e d  into 2 ch a n g es  of 95% a lc oho l ,  c l e a r e d  and
mounted in D . P . X .
7 .  Method of M a sson ' s  t r i c h ro m e
The  method was  fol lowed with small  modif ica t ions .
(i) S t a in s :  P r e p a r a t i o n  of W e ige r t ' s  i ron  haematoxyl in  (201) 
so lu t ion  (a) made of 1% haematoxyl in  in abso lu te  a lcohol  was  
mixed in equal  p a r t  with solut ion  (b) c o n s i s t in g  of 1ml h y d r o c h l o r i c  
ac id  and 4mI of 30% aqueous  solut ion  of f e r r i c  c h lo r id e  in 100ml 
d is t i l  led w a t e r . The s ta in ing  solut ion was r ipened  b e f o r e  u s e .
(ii) S ta in ing  p r o c e d u r e :
1. S e c t i o n s  s ta ined  with a ldehyde  fuchs in  w e r e  r i n s e d  in 
d i s t i l l e d  w a t e r ,
2 .  t r a n s f e r r e d  into W e ige r t ' s  i ron  haematoxyl in  fo r  2 - 1 0  m in s ,
3 .  washed  in w a t e r ,  /
4 .  t r a n s f e r r e d  to 0 .1% ponceau  fuchs in  solut ion fo r  3 m ins ,
5 .  r i n s e d  in w a t e r ,
6 .  mordant  in 1% aqueous  phosphomolyb dic ac id  fo r  5 m ins ,
7 .  p lac e d  in 1 -  2% ani l ine  b lue  in 2% a c e t i c  ac id f o r  5 m ins ,
8.  d i f f e re n t i a te d  in 1% a c e t i c  ac id  fo r  2 mins ,
9 .  r i n s e d  in d i s t i l l ed  w a t e r ,  d e h y d r a t e d ,  c l e a r e d  and mounted .
The  s ta in ing  p r o c e d u r e  was  modified by omitt ing some of the 
s ta in ing  s t a g e s .
Haeina fcoxylin and Eosin (H. & 2 . ) s baininfr mefchod
For routine examination o f pancreatic i s l e t s ,  H. & E, s ta in in g
method vjas performed.
1. The sec tio n s  were dewaxed in  xylene and brou^it 
to 70% e t h a n o l .
2. Placed in  haem atoiylin (S ir l ic h )  fo r  15 -  30 min.
3 . Transferred to tap water and l e f t  u n til  sec tio n s were b lu e.
4 . Transferred to 1 per cent acid  a lcohol (lÿ  ^ Hcl in  'joyo ethanol)
fo r  a few seconds.
5. Transferred to tap water u n t i l  sec tio n s were b lu e . S ta in in g  
was con tro lled  by examining the sec tio n s  to ensure that only  
n u cle i were sta in ed .
6. The sec tio n s were transferred to 1 per cent e o s in  fo r  1 - 2  
m inutes.
7 . Transferred to tap water fo r  2 m inutes.
8. Transferred to 70/'^  a lcohol fo r  a few seconds and then
dehydrated in  graded a lco h o l, cleared in  >:ylene and mounted 
in  D.P.X.
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1C.  R e s u l t s
S t a in in g  of is le t  c e l l s  with and without 
ac id  h y d r o ly s i s  by b a s ic  dyes  ______
The p r e s e n t  s tudy  of m etach rom at ic  s ta in in g  of is l e t  c e l l s  was  
u n s u c c e s s f u l .  The p a n c r e a t i c  s e c t i o n s  w e r e  s ta ined  o r th o c h ro m a t i c a l l y  
with b a s i c  d y e s .  No d i f f e re n t i a t ion  was  o b s e rv e d  be tw een  p a n c r e a t i c  
i s l e t  c e l l s  and exoc r ine  c e l l s .
As d e s c r i b e d  e a r l i e r  in th is  c h a p t e r  (pp 12 ,13) ,  h o w e v e r ,  m e tach rom at ic  
s ta in ing  of p a n c r e a t i c  i s le t  c e l l s  with b a s i c  dyes  a lone  o r  a f t e r  ac id 
h y d r o ly s i s  h a s  been  r e p o r t e d .  A lot of e ffor t  has  been  made to enhance  
the m eta ch rom as ia  of t i s s u e  components  and d i f fe ren t  exp lana t ions  
have  been  made for  s ta in ing  r e a c t i o n .  Metachromasia  was def ined by 
P e a r s e  (203) h i s to c h e m ica l ly ,a s  " s t a in ing  a t i s s u e  component  so  that 
the  a b s o rp t io n  spec t rum  of the r e s u l t i n g  t i s s u e  dye complex d i f f e r s  
su ff ic i en t ly  f rom that  of the o r ig ina l  d y e " .  It was  shown (201) that  
the  p r e s e n c e  of high m o le c u la r  weight  s u b s t a n c e s  with f r e e  an ion ic  
(acid) g ro u p s  is e s s e n t i a l .  Su lphona te  (SO^H) g ro u p s  a r e  s t r o n g e r  
ch ro m o t ro p e s  than a r e  ca rboxyl  (COOHOor phospha te  (pC^' g r o u p s .
The  a b s e n c e  of m e tach rom as ia  might be due to the fact  that  ac id  g r o u p s  
which a r e  p r e s e n t  may be e i t h e r  bound and not f r e e to  r e a c t  o r  not 
p r e s e n t  in suff ic ien t  de n s i ty .
The  masked  m e tach rom as ia  d e s c r i b e d  by Manocch io and C o w o r k e r s  
(217, 222) was f i r s t  thought t o i ) e  due to méthyla t ion ,  but it was  soon  
r e a l i s e d  that  the induct ion of m e ta ch ro m as i a  was due to h y d r o l y s i s  
by hot mineral  acid  (202 ,182) .  Maunder  and Ros t  (223) found that  
du r in g  h y d r o ly s i s  t h e r e  is an init ia l  a p p a re n t  i n c r e a s e  in m e ta ­
c h ro m a s ia  due to hydro ly t ic  removal  of o r thochrom at ica l  ly s t a in e d
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m a t e r i a l ,  fol lowed by a g radua l  abso lu te  i n c r e a s e  in metachromat ic  
s ta in ing  and a s low d e c r e a s e  in the  o r thoch rom at ic  d y e .  The  p r im a r y  
ac t ion of ac id  h y d r o ly s i s  was not exac t ly  open to que s t io n .  The 
removal  of RNA and some DNA from cytop lasm and nuc leus  was  
s u g g e s t e d ,  but it was found much l e s s  important  (224).  The  explana t ion  
that  h y d r o ly s i s  e nha nce s  ba soph i l ia  of e ndoc r ine  g r a n u l e s  by unmasking 
ac id  g r o u p s  is  a c c e p t a b l e ,  but  p e r h a p s  l e s s  than a d e q u a te .  It was 
sug g e s t e d  that  the removal o r  b lock ing  of the i n t e r f e r i n g  basoph i l ia  
of phospha te  g r oups  is abso lu te ly  n e c e s s a r y  (8).
Some f u r t h e r  p r o p e r t y  of ac id  h y d r o ly s i s  was  c o n c e r n e d  with the 
development  of a p os i t ive  r e a c t i o n .  T h e o r e t i c a l l y ,  if a given p r o te i n  
p o s s e s s e s  a suff ic ien t  d e ns i ty  of s id e  cha in  c a r b o x y l e s  and if the pH 
of s ta in ing  is  such  that  they a r e  in the d i s s o c i a t e  fo rm ,  they  should 
form e l e c t r o s t a t i c  bonds  with b a s i c  d y e .  An unfavourab le  s e c o n d a r y  
confo rmat ion  of the p r o te in  s t r u c t u r e  could make the s id e  cha in  
ca rboxy l  g ro u p s  una va i l ab le  to the d y e .  D éna tu ra t ion  of the p r o t e i n ,  
a s  by f ixa t ion ,  might a l t e r  th i s  s t a t e  (8) .  T h e r e f o r e ,  the c o n v e r s i o n  
of ca rboxam ide  g r oups  to c a rb o x y l s  (224) and i n c r e a s i n g  C - t e r m in a l  
CQOHas  a r e s u l t  of b r e a k a g e  of lab i le  i n t r a cha in  l inkage  (8 ,224 ) ,  could 
be o t h e r  important  a c t ions  of ac id  h y d r o l y s i s .  Random coil  s t r u c t u r e  
of basophi l  polypep t ide  ho rm one s  and the  effect of ac id  a s  a d é n a t u r a ­
t ion involving hel ix  random co i l^ t r ans i t ion  was  a l s o  c o n s id e r e d  by 
P e a r s e  (8).
In r e l a t i o n  to the above mentioned proposi t ions,  if they a r e  a c c e p t e d ,  
the lack of s u c c e s s  with the m eta ch rom as ia  r e a c t i o n  of is l e t  c e l l s  in 
th is  inves t iga t ion  could be exp la ined  as :
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Insuff ic ien t  h y d ro ly s i s :  s inc e  the s e c t io n s  w e r e  heavi ly  s ta ine d  
by b a s i c  dyes  o r th ochrom ati ca l  ly,  th is  f ind ing .sugges ted  that it 
could be  due to insuff ic ient  e x t r a c t io n  of RNA, DNA, ac id  po ly -  
s o c c h a r i d e s  and phospha te  g r o u p s ,  which g e n e ra l l y  accounted  fo r  
the d if fuse  basophi l ia  of t i s s u e s .  Although,  even 5NHCI .
(225) h a s e  been  appl ied to the hydro ly t ic  
p r o c e d u r e  of the masked m e ta ch ro m as i a  r e a c t i o n .  H o w e v er ,  the u se  
of high c o n c e n t r a t io n s  of Hcl was  l imited in the p r e s e n t  work b e c a u s e  
of i ts  d e s t r u c t i v e  ac t ion to t i s s u e .
2 .  S t a in ing  with bas ic  d y e s ,
with and without oxidat ion and th iosu lfa t ion
S ta in ing  of p a n c r e a t i c  s e c t i o n s  without p r e t r e a t m e n t  with a ld ehyde  
fuchs in  showed weak p u r p le  s t a in in g .  Be ta  c e l l s  w e r e  s ta ined  with 
aldehyde  fuchs in  when s e c t i o n s  w e r e  t r e a t e d  with Lugol ' s  iodine 
followed by oxidat ion (method of S c o t t ) ,  but in tensi ty  of s t a in ing  was  
v e r y  low.  The  th iosu lfa t ion  a ldehyde  fuchs in  (TAF) p r o c e d u r e  gave 
v e r y  good in tens ive  s ta in in g  on be ta  c e l l s  e sp e c i a l l y  when the t i s s u e  
had been  f ixed in Bouin’s  so lu t ion  (Tab le  1). As F i g s . 2 .1  and 2 . 2  
show,  the coun te r s t a in in g  of s e c t i o n s  with light g r e e n  he lped  to 
r e c o g n iz e  that  some p e r i p h e r a l  is le t  c e l l s  remained  uns ta ined  with 
aldehyde  fuchs in .  The  optimal t ime of th iosu lfa t ion was  found to be 
3 h r s ,  fol lowed by 4 mins s ta in ing  with a ldehyde f u chs in .  I n c r e a s i n g  
s ta in ing  t ime d i s tu r b e d  the s e n s i t iv i ty  of method.  The  u se  of to lu id ine  
blue  ins tead  of a ldehyde fuchs in  did not show spec i f ic  s ta in ing  of i s l e t
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F i g .  2 .1  Mouse p a n c r e a s .  F ixed  in B ou in ' s  so lu t ion .  Th iosulpha t ion
a ldehyde  fuchsin (TAF) s t a in in g ,  with light g r e e n  c o u n te r s t a in in g .  
B c e l l s  a r e  heavi ly  s t a i n e d ,  x 400.
I ,
F i g .  2 . 2  Rat  p a n c r e a s .  Fixed in B o u in ' s  so lu t ion ,  Th iosulpha t ion
a ldehyde  fuchsin (TAF) s ta in in g ,  light g r e e n  c o u n te r s t a in i n g .  
B c e l l s  a r e  heavily  s t a i n e d ,  x 400.
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c e l l s .  Aldehyde fuchs in  r e a c t s  with one of s e v e r a l  chemical  s id e  
g roups  in t i s s u e  m ac ro m o le cu le s ,  l ike su lp hon ic ,  and g r o u p s  of 
polypept idesin B c e l l s  (226,  227) . D esp i te  ex tens ive  i n ves t iga t ion ,  
the mechanism of the s ta in ing  r ea c t ion  of B c e l l s  is  s t i l l  po o r ly  
unders tood ;  an i n c r e a s i n g  amount of ev idence  s t r e s s e s  the r o le  of 
su l fa te  g roups  obtained by oxidat ion of d i su l f id e  bonds  in the insu l in  
molecule  (213).  S in c e  thiosul fat ion of t i s s u e  s e c t io n s  c a u s e  both 
c y s te in e  and cys t ine  to be t r a n s fo r m e d  into S - s u l f o c y s t e in e  (228,  229) 
and the induced th io su l fa te  g roups  r e s u l t  in heavy s ta in ing  B c e l l s ,  
a s  a r e s u l t  it s eem s  logical  to conclude  that  t h es e  g r o u p s  a r e  e s se n t i a l  
to the mechanism of a ldehyde  fuchsin s ta in in g .
Aldehyde fuchsin h a s  been  used  fo r  s ta in ing  of o t h e r  e n d o c r in e  
c e l l s  (APUD) s e r i e s ,  like can in e  thyro id  C c e l l s  (230) and a n t r a l  
e ndoc r ine  c e l l s  including D c e l l s  of mucosa  (231, 232) .  S i n c e  the 
b  c e l l s  of the p a n c r e a t i c  i s l e t s  (233) and of the a n t r a l  m ucosa  (233,  234) 
con tain somatos ta t in  and th is  hormone is  known to have  one d i su lph ide  
g roup (8-6)  (235), it i s l ikely that  d e s p i t e  some uns ta ined  p e r i p h e r a l  
c e l l s ,  the  a ldehyde fuchs in  might s ta in  D (A^) c e l l s  of i s l e t s .  To 
a n s w e r  the ques t ion ,  is it insul in  a lone which s t a i n s  with a ld ehyde  
fuchs in ,  a lot of work h a s  been  done and d i f fe ren t  a n s w e r s  ha v e  been  
r e p o r t e d .  V*stbe rg_e t .  aj_. (236) s ta ine d  insul in  with a ldehyde  fuchs in  
by keeping  it in a fixed pos i t ion  on a po lyac ry lam ide  by d i s c  e l e c t r o ­
p h o r e s i s .
While it was  r e p o r t e d  (237, 238) that B c e l l s  of p a n c r e a s  w e r e  
s ta inab le  in a l loxanized an im als  by some i n v e s t i g a t o r s ,  o t h e r s  found 
the a b s e n c e  of s ta in ing  in s u l f o n y l u r e a - t r e a t e d  an im als  (54),  o r  a 
r educ t ion  of s u b s ta n c e  s ta ined  by a ldehyde fuchs in  when a n im a ls
ABLE 2.1
The r e s u l t  of a ldehyde  fuchs in  s ta in ing  of p a ra f f in  s e c t io n s  from p a n c r e a s  
m ate r ia l  f ixed in d i ff e ren t  f ix a t iv es  with d iffe ren t  p r e t r e a t m e n t
F ixa t ive
G om or i ' s
a ldehyde
fuchs in
S c o t t ' s  method 
oxidat ion
Trea tm en t  in 
Lugol 's  iodine 
fol lowed by 
S c o t t ' s  method
Thiosu lf a t ion  
a ldehyde  
f uchs in  (TAF)
3uin's fluid _ + ++ ++++
% buf fe red  formalin  
(7 .2 )
- - ++
% formal  s a l in -  . - - +
) G lu ta ra ldehyde + + - ++
buf fe red  G lu ta ra ldehyde + + + ++(7.2)
Glu ta ra ldehyde  + 4% 
form aldehyde
+ + + ++
nker  solu t ion + +
. .................................. . 1
+ ++
The in tens i ty  of s ta in in g  r e a c t io n  is  g r ade d  from -  to ++++ 
w he re  -  ind ica te s  complete  a b s e n c e  of s ta in ing  r é a c t i o n  on i s l e t s .
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w e re  in jec ted with g lucose  so lut ion (239).  T h e r e f o r e ,  t h es e  r e s u l t s  
imply that  the s u b s ta n c e  r e a c t i n g  in s ta in ing  c o r r e s p o n d s  to a c e r t a i n  
s t r u c t u r e  which is  a s s o c i a t e d  with insul in .
3 .  Lead haematoxyl in
S ta in ing  s e c t i o n s  with lead haematoxyl in  showed only weak b lue  
c o lo u r  on the p e r i p h e r a l  c e l l s  of the i s l e t ,  with t i s s u e s  f ixed in H e l ly ’s  
f ixa t ive .  H y d r o ly s i s  of s e c t io n s  with 0 .2N  HQ did not improve the 
in tens i ty  of s ta in in g .  Accord in g  to So lc ia_e t .  _aJ . (95),  lead haematoxy l in  
b e h a v e s  d i f fe ren t ly  f rom b a s i c  dyes  and it h a s  a lso  been  su g g e s t e d  
tha t ,  p r o b a b l y ,  the binding of the lake to the e ndoc r ine  g r a n u l e s  is 
not m ere ly  a h e t e r o p o l a r  one (as  it i s with most  b a s ic  d y e s ) .  T h e r e ­
f o r e ,  it is un l ikely that  acid  h y d r o ly s i s  i n c r e a s e s  the aff ini ty  of 
s ta in ing  to t i s s u e  c e l l s  a s  it does  with b as ic  d y e s .
4 .  Em pir ica l  s ta in ing  of p a n c r e a t i c  is le t  c e l l s
P onc e a u  fuchs in  alone o r  in combination with o t h e r  s t a i n s  was  
a l s o  used  to  s ta in  A c e l l s  s e l e c t i v e ly .  Although s ta in ing  of A c e l l s  
with Ponc e a u  fuchs in  in combinat ion with a ldehyde  fuchs in  o r  c h r o m a -  
haematoxi l in  (42,  240) h a s  been  r e p o r t e d ,  the s ta in in g  of i s le t  c e l l s  
s e l e c t i v e ly  with Ponceau  fuchs in  was unsuccess fu l  in the p r e s e n t  s tu d y .
2 A . S i l v e r  Impregnat ion  Method
impregnat ion  is the depos i t io n  of the s a l t s  of heavy m eta l s  o v e r  c e r t a i n  
s e l e c t i v e  cel l  and t i s s u e  s t ruc tu res^  and p r o c e s s e s .
Accord in g  to Gr im e l ius  (45), the most commonly used  methods  fo r  
s i l v e r  s ta in ing  of p a n c r e a t i c  is le t  c e l l s  have been  modi f ica t ions of the 
G r o s - S c h u l t z e  t echn ique ,  the Bodian s i l v e r  p r o t e i n a t e  method and ,  d u r in g  
r ec e n t  y e a r s ,  the Davenpor t  a lcohol ic  s i l v e r  n i t r a t e  p r o c e d u r e .
The modi f ica t ions  of the G r o s - S c h u l t z e  techn ique  which have  been  
used  p r e s e n t  a number  of technical  d i f f i c u l t i e s .  S e v e r a l  a u th o r s  have 
a l s o  po in ted  out the u n c e r t a in  n a tu re  of th is  s ta in in g  techn ique .
The  s i l v e r  p r o t e i n a t e  techn ique  in troduced  by G r im e l ius  (241) was 
found m ore  dependab le  and s im p le r .
The  a lcoho l ic  s i l v e r  n i t r a t e  p r o c e d u r e  of Davenpor t  h a s  been  modif ied 
by Volk e t . a l . (242) and H e l l e r s t r o m  and Hei lman (44).  The  s ta in in g  
techn ique  is  f a i r l y  s im ple .  The  f o rm e r  a u th o r s  added init ial  KMnQ^^ 
oxidat ion  to t h i s  method,  while the l a t t e r  a u th o r s  used  a s i m i l a r ,  but 
somewhat  s im pl if ied ,  techn ique  without p re o x id a t io n .
The  a c queous  s i l v e r  n i t r a t e  was in troduced  by Gr im e l ius  (241) and was 
found s im p le r  in c om par i son  with the Davenpor t  method.
2B . M a te r i a l s  and Methods
1. M a te r ia l s
(i) Alcohol ic  s i l v e r  n i t r a t e  so lut ion (44): Th is  so lu t ion  was f r e s h ly
p r e p a r e d  by d i s so lv ing  lOg s i l v e r  n i t r a t e  in 10ml d i s t i l l ed  w a t e r ,  
90ml 9 5 p e r  cent  a lcohol  and 0.1ml n i t r i c  a c id .  B e f o re  u s e ,  the 
pH of th i s  so lu t ion  was  ad jus ted  by the addi t ion of a few d r o p s
of c o n c e n t r a t e d  ammonium hydrox ide  p e r  l i t re :  ( for  a solut ion  
d i lu ted  1:6 with d i s t i l l ed  w a te r  a pH of about  5 was  m e a s u r e d  
with a pH m e te r ) .
(ii) Aqueous  s i l v e r  n i t r a t e  solu t ion (45): The  0.03% (w/v)  aqueous  
s i l v e r  n i t r a t e  so lut ion buf fe red  to p H 5 .6  was p r e p a r e d  by mixing 
10ml of an 0.2M ace t ic  acid  sodium a c e t a t e  buf fe r  5 . 6  (pp 5 ) with 
87ml r e d i s t i l l e d  w a te r  and 3mI of a f r e s h ly  p r e p a r e d  1% (w/v)  
aqueous s i l v e r  n i t r a t e  so lu t ion .
(iii) D e ve lope r  so lut ion for  a lcohol ic  s i l v e r  n i t r a t e  so lu t ion  (44):
Th i s  solu t ion was p r e p a r e d  by d i s so lv ing  5g py roga l I ic  acid in
10ml 95% ethanol  con ta in ing 5ml c o n c e n t ra t e d  fo rm a l in .
(iv) D e v e lo p e r  solu t ion fo r  aqueous  s i l v e r  n i t r a t e  solut ion :  Th is
solu t ion  was p r e p a r e d  by d i s so lv ing  1 g hydroquinone  and 5g
sodium su lphi te  ( c rys t)  in 100ml d i s t i l l ed  w a t e r .
2 .  Methods
(i) Alcohol ic  s i l v e r  n i t r a t e  method (44):
1. Depa ra f f in ized  s e c t io n s  and a l s o  f ro z e n  s e c t i o n s  (post ­
f ixed in B ou in ' s  so lut ion fo r  3 -  12hr at room te m p e ra tu re )  
w e r e  brought  to w a t e r ,
2 .  r i n s e d  unde r  running  tap w a te r  for  p e r i o d s  of 1 -  12hr ,
3 .  p a s s e d  through the alcohol  s c a l e ,  including 95% a lcoho l ,
4 .  t r a n s f e r r e d  to a lcohol ic  s i l v e r  n i t r a t e  solut ion p r o t e c t e d  
from light for  12 -  18hr ,  at a t e m p e r a t u r e  of 3 7 ° C ,
5 .  immersed  in 95% alcohol  rap id ly  (for  only a few s e c s ) ,
6 .  deve loped in de v e lo p e r  fo r  30 -  120 s e c s ,
7 .  immersed  in 95% alcohol  for  1 min t h r e e  t im es ,
8 .  d e hyd ra ted  in g rad e d  a lcoho l ,  c l e a r e d  in xylene  and mounted 
in D . P . X .
9 .  Sometimes  the s e c t io n s  w e re  sub je c ted  to addi t iona l  s t a i n in g ,  
fo r  example ,  0 .1% neuitral r ed  fo r  a few s e c s .
(ii) Aqueous s i l v e r  n i t r a t e  solut ion:
1. Deparaf f in ized  s e c t io n s  w e re  brought  to w a t e r ,
2 .  r i n s e d  at l eas t  3 t imes in d i s t i l l ed  w a t e r ,
3 .  t r a n s f e r r e d  to aqueous  s i l v e r  n i t r a t e  so lu t ion  and incuba ted  
e i t h e r  fo r  24hr  at 37°C o r  fo r  3h r  at 6 0 ° C .
4 .  r i n s e d  in d i s t i l l ed  w a te r  fo r  only a few s e c s  and immediately 
t r a n s f e r r e d  fo r  a p e r io d  of 1 -  2 min to aqueous  r educ ing  
so lu t ion  at  40°C to 50°C ,
5 .  r i n s e d  in w a t e r ,
6 .  Occas iona l ly  the s e c t io n s  w e r e  s ta ine d  fo r  1 min in 0 .1% 
aqueous  so lut ion of neutra l  r e d .
7 .  The  s e c t i o n s  w e r e  d e hyd ra ted  in a s e r i e s  of g r ade d  e thano l ,  
c l e a r e d  in xylene and mounted in D . P . X .
(iii) Double impregnat ion  method (45): In c a s e s  with the aqueous  
s i l v e r  n i t r a t e  method where  the agyrophi l  is le t  c e l l s  a p p e a r e d
w eak ,  the s ta in in g  r e a c t io n  could be  improved by double  im pregna t ion .
1. The s e c t i o n s  from w a te r  in s tep  5 w e r e  t r a n s f e r r e d  to an 
aqueous  so lut ion of 5% (w/v)  sodium th iosu lpha te  fo r  2 min,
2 .  r i n s e d  in d i s t i l l ed  w a te r  fo r  5 min,
3 .  p l ac e d  in a f u r t h e r  p r e p a r e d  s i l v e r  so lu t ion  a s  d e s c r i b e d  
in s tep  3 ,  fo r  a pe r iod  of lOmin to 3h r  at  3 7 ° C ,
4 .  deve loped  in f r e s h ly  p r e p a r e d  reduc ing  solut ion a s  d e s c r i b e d  
in s tep  4 ,  fo r  1 min at 45°C to 6 0 ° C .
(iv) Aqueous  s i l v e r  n i t r a t e  method of P a s c u a l  (243): T h i s  method 
used  by P a s c u a l  fo r  dem ons t ra t ion  of  a rgy roph i I  c e l l s  in g a s t e r o -  
intes t ina l  mucose  was appl ied fo r  s t a in ing  is le t  c e l l s  in th i s  
inves t iga t ion .  ^
1. The  s e c t i o n s  w e re  brough t  to w a t e r ,
2 .  p laced  in 0 .5% s i l v e r  n i t r a t e  so lu t ion  f o r  1 -  6 h r  at  6 0 ° C o r
f o r  3 -  1 2 h r ^ t 3 / % ,
3 .  r i n s e d  in d i s t i l l ed  w a te r  fo r  a few s e c s ,
4 .  t r a n s f e r r e d  to d e ve lope r  a s  d e s c r i b e d  above .
5 .  r i n s e d  in running  tap w a te r  fo r  3 min and then in d i s t i l l ed  
w a t e r ,
6 .  p a s s e d  th rough g rad e d  a lcoho l ,  c l e a r e d  in xylene and mounted .  
Double impregnat ion was a l s o  c a r r i e d  out a s  d e s c r i b e d  in p r e v i o u s  
method.
2 C . R e s u l t s
1. Alcohol ic  s i l v e r  n i t r a t e  method
Although s e c t i o n s  s ta ined  with the a lcohol ic  s i l v e r  n i t r a t e  method 
showed a few background  c e l l s  on the p e r i p h e r a l  of i s l e t s ,  the  method 
was  not r e p r o d u c ib l e  and s e c t i o n s  had a v e r y  high backg round  s t a in in g .  
The  pH of s ta in ing  solu t ion  was  found v e r y  impor tan t .  No impregnated  
s i l v e r  c e l l s  w e r e  found at the pH va lue of 4 and 6 ,  while opt imal  
r e s u l t s  w e r e  noted at pH5.  (At pH2 nuclei  w e re  im pre gna te d . )
R ins ing  the s e c t io n s  in 95% alcohol  b e f o r e  deve loping  a p p e a r e d  
to have  a g r e a t  influence on the r e s u l t .  The  a rg y ro p h i  I r e a c t i o n  in 
the is le t  c e l l s  tended to d e c r e a s e  m arked ly  if the r i n s i n g  time was  
ex tended .
Development  was a c r i t i c a l  point  with th is  method.  While 
d e c r e a s i n g  deve loping  time to 10 sec  did not show any s i l v e r  p o s i t i v e  
c e l l s ,  on the o t h e r  hand i n c r e a s i n g  time up to 30 s e c  o r  m ore  c a u s e d  
v e r y  high background  s ta in ing  on the s u r f a c e  of the s e c t i o n s .
I
P r e c i p i t a t i o n  of r educed  s i l v e r  on the su face  of the s e c t i o n s  r em a ine d  
a big problem; even demounting s e c t io n s  in xylene  did not he lp  in 
removing p r e c i p i t a t e  f rom the s e c t i o n .  Changes  in the c o n c e n t r a t i o n  
of s i l v e r  n i t r a t e  made no d i f f e r e n c e .
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2 .  Aqueous  s i l v e r  n i t r a t e  method (Gr imelius  45)
Af te r  a number  of t r i a l s  the G r imel iu s  s i l v e r  n i t r a t e  method (45) 
was  found a good technique  in s ta in in g  non be ta  c e l l s  of p a n c r e a t i c  
i s l e t s .
B o u in ' s  so lu t ion  was  found to be  the b e s t  f ixat ive (Tab le  2 .2 ) .
The  e f fec ts  of v a ry ing  the length of the impregnat ion  time at 37°C a r e  
shown in Tab le  2 . 3  . A b lacken ing  of the s i l v e r  c e l l s  was  v i s ib l e  
a f t e r  8 h r  f rom the beginning  of impregnat ion .  Extending  im pregna ­
t ion t ime to 48 h r  did not affect  the d e g r e e  of b lac ke n ing .  H o w e v er ,  
optimal t ime was  found to be  be tw een  16 -  24 h r .
The  pH va lue  of 5 . 6  was an important  f a c t o r .  No impregnated  
s i l v e r  cell  w as  found at pH v a lue s  of 5 and 6 ( T a b l e 2 . 3 .  C h a n g e s  in 
the c o n c en t ra t io n  of s i l v e r  n i t r a t e  up to 5% did not affect  the b l a c k e n e d  
i s le t  c e l l s  ( e i t h e r  in in tens i ty  of c o lo u r  o r  in number ) .  F u r t h e r  
i n c r e a s e  in the c o n c en t ra t io n  of s i l v e r  n i t r a t e  was followed by lo ss  
of spec i f ic  s ta in ing  of the  i s le t  c e l l s .  The  optimum deve lopment  t ime 
was  found to be  be tw een  1 -  2 min at  40°C to 4 5 ° C . The  i n c r e a s e d  
deve loping  time p roduce d  non - spe c i f i c  s ta in in g  on the s u r f a c e  of 
s e c t i o n s .  With double  impregnat ion  the d e g r e e  of b lacken in g  i n c r e a s e d  
to an a p p r e c i a b l e  exten t  a f t e r  10 -  60 min at  37°C o r  at room 
t e m p e r a t u r e ,  when all the a rgy roph i  I cel  Is a p p e a r e d  b lack  ( F i g .  2 . 3  
and 2 . 4 ) .  Impregnated  c e l l s  wjth a b rown  co lou r  ins tead  of b lack 
w e r e  r e v e a l e d  when the time of double  impregnat ion  was  ex tended  
to 3h r  at 60°C ( F ig .  2 . 5 ) .
The a b s e n c e  of b lackened  is l e t  c e l l s  when development  did not 
t ake  p l a c e  confirmed that  the s i l v e r  r e a c t io n  in the is le t  c e l l s  is  an  
a rgy roph i  I and not an a rgen taf f in  r e a c t i o n .
3LE 2 .3
The dependence  of the a rgy roph i  I is l e t  r ea c t ion  on the pH of the s i l v e r  n i t r a t e  so lu t ion  
and the length of the impregnat ion time in G r im e l iu s  method
Time of 
impregnat ion  
(Hours)
pH
Is le t
S i l v e r
C e l l s
16 -  24 4 . 0
16 -  24 4 . 5 -
16 -  24 5 . 0 -
1 6 - 2 4 5 . 5 +++
1 6 - 2 4 5 .6 +++
1 6 - 2 4 6 . 0 -
16 -  24 8 . 0 -
2 5 .6 -
4 5 . 6 -
6 5 .6 +
8 5 . 6 +
16 5 . 6 +++
48 5 . 6 +++
64 5 . 6 ++
1 week 5 . 6
i
The  in tens i ty  of s ta in in g  is  g raded  from -  to +++ 
a s  d e s c r i b e d  b e f o r e .
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F i g .  2 . 3  Rat  p a n c r e a s .  5u Bouin ' s  fixed pa ra f f in  s e c t io n .  Aqueous s i l v e r  
n i t r a t e  method (double impregnat ion) ,  neutra l  r ed  c o u n t e r s t a i n i n g . 
A c e l l s  a r e  s ta ined b lack ,  x 100.
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F i g .  2 . 4  Mouse p a n c r e a s .  5u B ou in 's  f ixed pa ra f f in  s e c t i o n .  Aqueous  si Iver  
n i t r a t e  method (double impregnat ion) ,  ne u tra l  r ed  c o u n t e r s t a i n i n g .
A c e l l s  a r e  s ta ined b lack ,  x 400.
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F i g .  2 . 5  Rat p a n c r e a s .  5u Bou in 's  f ixed pa ra f f in  s ec t io n .  Aqueous  s i l v e r  
n i t r a t e  method (the time of double impregnat ion is ex tended) ,  
neu tr a l  r ed  c ou n te r s t a in in g .  P e r i p h e r a l  c e l l s  a r e  s ta ined  
b r o w n ,  x 100.
3 .  P a s c u a l  method
When th i s  method was used  no a rgy roph i l  c e l l s  w e r e  o b s e r v e d  
in p a n c r e a t i c  t i s s u e  s e c t i o n s .  The change  of f ixa t iv e ,  t ime o r  
t e m p e r a t u r e  did not make any d i f f e r e n c e .
In both alcohol ic  and aqueous s i l v e r  n i t r a t e  method no a rg y r o p h i l  
ce l l  was  o b s e rv e d  when p i c r i c  ac id  o r  fo rmalin  was not included in 
the m ix tu re  of B ou in ' s  so lut ion (Tab le  2 . 2 ) .  On the o t h e r  hand ,  
a f t e r  the removal of the glacial  a c e t ic  a c id ,  s i l v e r  p o s i t i v e  i s le t  
c e l l s  could s t i l l  be  c l e a r l y  s e e n .  It i s wor th  not ic ing that  a l though 
p i c r i c  ac id  and fo rmalin  w e r e  both found e s sen t ia l  fo r  the a r g y r o p h i l  
r e a c t i o n ,  the f ixat ion of f ro z e n  s e c t i o n s  in Bouin’s  so lu t ion  f o r  up to 
12 h r  did not r e s u l t  in any s ig n s  of b lackened  is l e t  c e l l s .  T h i s  could 
be expla ined  by the diffusion of c e l l u l a r  e n t i t i e s  be ing f a s t e r  than 
f ixa t ion in f ro z e n  s e c t i o n s .
Although the mechanism of the a rgy roph i l  r e a c t io n  is  o b s c u r e ,  
the  s e le c t i v i t y  of s i l v e r  s ta in in g  fo r  e n d o c r in e  g r a n u l e s  in r e l a t i o n  
to o t h e r  cy toplasmic  g r a n u l e s  h a s  been  confi rmed by e l e c t r o n  
m ic ro sc o p y  (244, 245 ,  246).
3 A . Double S ta in ing  Technique  for  A and B C e l l s
Accord in g  to e a r l i e r  p a r t s  of th is  c h a p t e r  the method of c h o ic e  f o r  
non be ta  c e l l s  was  found to be s i l v e r  impregnat io n ,  e s p e c i a l l y  the method 
of G r im e l iu s .  A d i sadvan tage  of the^se methods  was  that  c o u n te r s t a in i n g  
with aldehyde  fuchs in  a f t e r  s i l v e r  impregnat ion  r e q u i r e s  an oxidat ion  
which c a u s e s  a comple te  loss  of s i l v e r  d e p o s i t s .  S ince  th is  p r e t r e a t m e n t  
d e s t r o y s  the s i l v e r  s ta in  it has  p r e v io u s ly  been  p o s s ib l e  only to s t a in  
s u c c e s s i v e  se c t io n s  by th e s e  d if fe ren t  m e thods .  Toning with gold c h l o r i d e  
to p r e s e r v e  the s i l v e r  g r a i n s  was in troduced  by Denffe r  (247) .  A c c o r d in g
LE 2 . 3
The r e s u l t  of s i l v e r  impregnat ion Pf p a n c re a t i c  is le t  
f ixed in d i f fe ren t  so lu t ions  with r e s p e c t  to time and pH
Is le t
F ix a t iv e pH T e m p e r a tu r e S i l v e r
C e l l s
B ou in ’s  so lu t ion 1.7 4°C19 -  22°C
++
+++
B ou in ' s  without 9  h 4oC
p i c r i c  acid 19 -  22°C -
B ou in ' s  without 
formaldehyde 1 .5 19 -  22°C -
B ou in 's  without 
a c e t i c  acid 1.5 19 -  22°C +++
buffe red  formalin 7 . 2 19 -  22°C -
10% s a l in  fo rm alin Nt 19 -  22°C -
buffe red  g lu ta r a ld e h y d e  (6%) 7 . 2 19 -  22°C -
6% sa l in  g lu ta r a lde hyde Nt 19 -  22°C —
95% ethanol - 4°C19 -  22°C
-
Mel l e y ' s  fluid Nt 19 -  22°C —
Methanol - 4°C19 -  22°C -
The  a rgy roph i l  i s l e t  r e a c t io n  is  g raded  from -  to +++
w he re  -  ind ica te s  comple te  a b s e n c e  of b lacken ing  in the is le t  c e l l s
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to D e n f fe r ,  the gold is not a t t acked  by the s t r o n g  oxid izing a ge n ts  used  
in the p r e l im in a r y  t r ea tm en t  fo r  dye s t a in in g .  T h e r e f o r e ,  t h es e  ox idan ts  
can  be used  without removing the meta l l i c  s ta in  and thus allow the dye 
s t a in  to be  added to the metal l ic  one .
3 B . M a te r i a l s  and Methods 
1 . M a te r ia l s
0 .1% aqueous gold c h lo r id e  so lu t ion was  p r e p a r e d  by d i s s o lv in g
lOOmg NaAucI^ in 100ml d i s t i l l ed  w a t e r .
2 .  Methods
1 . The se c t io n s  w e r e  s ta ined  with aqueous  s i l v e r  n i t r a t e  method,
2 .  r i n s e d  in 3 c hanges  of d i s t i l l ed  w a t e r ,
3 .  immersed in 0 .1% gold c h lo r id e  solu t ion  fo r  30 min at  room
t e m p e r a t u r e ,
4 .  r i n s e d  in running  tap w a te r  f o r  15 min,
5 .  s t a in e d  with aldehyde fuchs in  a c c o r d in g  to Busso la t i  and B a s s a  
method (229),
6 .  deh y d ra ted  in g raded  a lcoho l ,  c leaned  in xylene and mounted 
in D . P . X .
3 C . R e s u l t s
S ta in ing  of s ec t io n s  with a ldehyde  fuchs in  a f t e r  s i l v e r  impregnat io n  
with th is  method r e v e a le d  the A cel  Is ,b lack  s i l v e r  pos i t ive  g r a n u l e s , a n d  
be ta  c e l l s  p u rp le  ( F i g . 2 .6 ) .  N e i th e r  the s ta in in g  aff inity of be ta  g r a n u l e s  
fo r  a ldehyde  fuchs in  nor  the b lacken ing  of A c e l l s  w e re  a l t e r e d  in t h i s  —  
method.  Th i s  was  con tro l le d  by s t a in ing  consec u t ive  s e c t i o n s  fo r  A and 
b e ta  c e l l s  and comparing with double  s ta ined  s e c t i o n s .
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F i g .  2 . 6  Z u c k e r  r a t  p a n c r e a s .  5u Bou in 's  fixed pa ra f f in  s e c t i o n .  S i l v e r  
impregnat ion (Gr imelius  45) followed by gold toning and s ta in ing  
with Thiosulpha t ion aldehyde fuchs in .  B l a c k - s i l v e r  impregnated  
A c e l l s  and p u rp le  be ta  c e l l s ,  x 400.
95
2:4  Immunocytochemical  Techn ique  
I n t ro d u c t io n :
In the e a r l y  f o r t i e s  immunology had e s ta b l i s h e d  i tse lf  a s  a s c i e n c e .
The  word immunochemistry had been  co ined and quant i ta t ion  of immuno­
logic techn iques  had become the requ i r em e n t  of the day .  F o r  ten y e a r s  
a f t e r  C o o n s ’ f i r s t  communication (248) on the label l ing of an t ibod ie s  with 
f lu o r e s c e n t  g r o u p s ,  no p a p e r s  w e r e  pub l ished  us ing  th i s  method.  Indeed ,  
the techn ique  did not become e a s i e r  when n on -spec i f i c  s t a in ing  was  
d i s c o v e r e d  by Coons  in the e a r l y  f i f t i e s  (248).  The  n e c e s s i t y  fo r  low 
r a t i o s  of f l u o r e s c e in  to ant ibody p r o te in  had become ap p a re n t  and the 
removal  of non-spec i f i c  s ta in ing  by ab s o rp t io n  with l iv e r  p ow de r  h a s  now 
become an empir ica l  p r a c t i c e .  What is m ore  im p o r ta n t , h o w e v e r ,  is  that  
by then s c i e n c e  had p r o g r e s s e d  to a point  when the genius  of A lb e r t  Coons  
found a p p r o p r i a t e  r ecogn i t ion .  It must  have  been  Coons '  conv ic t ion  of 
the ul t imate  impor tance  of h i s  work that  made him p e r s i s t  in fol lowing h i s  
o r ig ina l  d i s c o v e r y  with f u r t h e r  work ten y e a r s  l a t e r  (248) ,  t h e r e b y  
in i t i a t ing  immunocytochemistry a s  a su b -d i s c ip l in e  of immunology and 
consequen t ia l ly  b r ing ing  patho logy into immunology and b r ing ing  from 
the c a t e g o r y  of the unknown to that of def ined e t io logy ,  a g r e a t e r  number  
of d i s e a s e s  than any o the r  r e c e n t  advance  in medical  s c i e n c e .  As a 
r e s u l t ,  today ,  45% of a r t i c l e s  in a ge ne ra l  medical  j o u r n a l ,  such  a s  
The Lance t ,  r e ly  on immunology a s  pompared  to 5% p r e - i m m u n o f l u o r e s c e n c e
(249).
Fo l lowing Coons '  and c o - w o r k e r s '  d i s c o v e r y ,  s e v e r a l  s e n s i t i v e  
immunohischemical  methods have been  deve loped fo r  the c e l l u l a r  l o c a l i z a ­
t ion of an t igens  for  l ight , f lu o r e sc e n t  and e le c t r o n  m ic r o s c o p y .  The
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methods have involved the con jugat ion  of d em ons t rab le  l abe ls  such  a s  
f l u o r o c h ro m e s ,  enzym es ,  v i r u s ,  f e r r i t i n ,  Hemocyanin ,  Hemeoctapep t ide
(250) and rad io iod in e  (251) to speci f ic  immunoglobulin o r  an t igen  which 
can  then be used  to v i su a l i z e  d i f fe ren t  a n t ig e n s .  The s tudy  of p a n c r e a t i c  
i s l e t s  with immunological t echn iques  s t a r t e d  when Maloney and Coval (252) 
d e m o n s t ra t ed  that  an t ibod ie s  to insul in  c a n  be p roduced  in the guinea  p ig .  
The  work of Lacy and Davies  (253,  254) showed that  t h e s e  an t ibod ie s  
could be  label led  with f l u o r e s c e in  i socyana te  by the method of Coons  and 
Kaplan (248, 255) and used  a s  an immunochemical  s ta in  fo r  i n su l in .  The  
s ta in ing  of glucagon by Simon e t .  _a|. (256) and Baun et a L  (96) in the 
p a n c r e a t i c  i s l e t s  of ca t t l e  and o the r  s p e c i e s  by r a b b i t  an t ig lucagon  s e r a  
was  followed by the d i s c o v e r y  of new p a n c r e a t i c  hormones  and the  d e v e lo p ­
ment  of g e n e ra l l y  app l i cab le  immunocytochemical t echn iques  f o r  c e l l u l a r  
loca l iza t ion  of h o rm o n e s .  Th is  method f ac i l i ta ted  the iden t i f ica t ion  of 
d i f f e ren t  types  of c e l l s  in i s l e t s  of a wide v a r i e ty  of s p e c i e s ,  including 
man .  In the p r e s e n t  s tudy  both immunof luorescence  and im m unoperox idase  
techn iques  w e r e  employed to ident ify d i ff e ren t  types  of hormone  con ta in ing  
c e l l s  in the i s l e t s .
1A. I mmunof I u o r e s c e n c e
1. The  S t r u c t u r e  of Immunoglobulin
The  spec i f ic i ty  of an t ibod ie s  s u g g e s t s  the u se  of immunoglobul ins  
a s  r e a g e n t s  in the l a b o r a to r y .  ,T he  spec i f ic i t y  of an t ibod ie s  is  due  
to s e le c t io n  du r ing  immunization of types  of immunoglobul in that  show 
a s pec i f ic  aff ini ty  (avidity) fo r  the an t igen ic  d e te r m in a n t .  T h i s  
se le c t i o n  is  p o s s ib l e  b e c a u s e  of the p r e - e x i s t e n c e  of a l a r g e  num ber  
of d i f f e ren t ly  s t r u c t u r e d  spec i f ic  combining s i t e s  (249) .  The  combin ing  
s i t e  of immunoglobul ins is the v a r i a b l e  r eg ion  of the immunoglobul in
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m ole cu le .  The bulk of an t ibod ie s  a r e  in the immunoglobul in G (IgG)
c l a s s ,  which a r e  s e c r e t e d  by p lasm a  c e l l s  (261, 262) .  They a r e  of
high m olecu la r  weight  with t h e i r  speci f ic  Y shape  ( F ig .  2 .7 )  with
four  N - te rm ina l  amino a c i d s .  The molecule  c o n s i s t s  of 4 c h a i n s ,
2 ident ical  light cha in s  (L) and 2 ident ical  heavy c h a in s  (H). An
individual  IgG molecule  p o s s e s s e s  t h r e e  dom ains ,  two ident ical
(Fab)  and one F6 ' .  E a c h  F a b  fragment  con ta ins  one s pec i f ic
combining s i t e  fo r  ant igen (261).  Fab  can  be used  a s  a s pe c i f ic
b lock ing  rea ge n t  in immunochemist ry .  Binding with both s p e c i f i c
combining s i t e s  is important  in immunocytochemis try a s  it s q u a r e s
the binding avidi ty of r e a c t i o n  with a s ing le  s i t e  and e n s u r e s ,  t h e r e b y ,
minimal d i s s o c i a t io n  of r e a c t e d  ant ibody in subsequen t  p r o c e s s i n g
of t i s s u e  (249)
2 .  N a t u re  of F l u o r e s c e n c e
In the rou t ine  s ta in ing  of t i s s u e  sec t ion  by eos in  and Hem atoxyl in
the  c o lo u r  c o n t r a s t  is  suf f ic ient  that b r igh t  r e d  and deep  b lue  can
e a s i l y  be  s e en  in the light m ic r o sc o p e  d e s p i t e  the t h in n e s s  of a 2 -  6u
s e c t i o n .  Accord ing  to S t e r n b e r g e r  (249),  indeed a n t ibod ie s  c a n
r e a c t  with dyes  just  a s  well a s  t i s s u e  cons t i tu e n t s  d o .  A z o - d y e s
can  r e a c t  with the t y ro s i n e  g r o u p s  in ant ibody m o lecu le ,  but  the
r e a c t io n  of antibody with a z o - d y e s  must  be  r e s t r i c t e d  to l e s s  than
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ten m olecu le s  of dyes  p e r  molecule  of an t ibody.  Due to the low r a t i o  
of dy e s  to p r o t e i n ,  the c o lo u r  is  insuff ic ient  to be r e c o g n iz e d  th rough  
the m ic r o s c o p e .  H ow ever ,  even  though the f l u o r e s c e n t  t i s s u e  component  
may emit only 1% a s  much light a s  is s e en  in light m ic r o s c o p y  u n d e r  
full t r a n s m i s s io n ,  th is  1% is  viewed in a s u r r o u n d in g  f ie ld having
Fc
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F i g .  2 . 7  Po lypep t ide  cha in  s t r u c t u r e  of IgG molecule  with four  N - t e r m in a l  
amino a c id s  (416).
p r a c t i c a l l y  z e r o  t r a n s m i s s io n  and c a n ,  t h e r e f o r e ,  e a s i l y  be d i s c e r n e d  
th rough  the m ic r o s c o p e .  In light m ic ro sc o p y ,  when de te c ta b i l i ty  of 
a co lo u re d  component  is limited by a small d i f f e r e n c e  be tw een  two 
high light i n t e n s i t i e s ,  i n c r e a s i n g  the totab light in te ns i ty  will yield 
l i t t le  gain in p ropo r t iona l  v i s ib i l i ty .  In f lu o r e s c e n c e  m ic r o s c o p y ,  
on the o th e r  hand ,  i n c r e a s e  of in tens i ty  of the light s o u r c e  do e s  
i n c r e a s e  the sens i t iv i ty  b e c a u s e  it i n c r e a s e s  the f l u o r e s c e n t  em iss io n  
aga in s t  a background  that  s ti l l  r em a ins  d a r k .  H ence ,  s t r o n g  light 
s o u r c e s  and good op t ic s  a r e  e s se n t ia l  in f l u o r e s c e n c e  m ic r o s c o p y .
When a molecule  a b s o r b s  a quantum of rad ia t ion  of su ff ic i en t  e n e r g y ,  
it a t t a in s  an exc i ted s t a t e  with a d i f f e ren t  e l e c t r o n i c  d i s t r i b u t i o n .
Extra ,  e n e rg y  is often quickly lost to s u r r o u n d in g  m o le c u le s ,  but  if 
the exc i t ed  molecule  is  suf f ic ien t ly  s ta b le  it may r e t u r n  to i ts  ground  
e le c t r o n i c  s t a t e  by emitt ing r a d i a t i o n .  Em iss ion  of th is  type  is  t e rm ed  
f l u o r e s c e n c e  and is a lmost  a lw ays  of longer  wavelength  than the 
exc i t ing  rad ia t ion  (257).  H ence ,  a molecule  s u i t a b le  f o r  immuno­
f l u o r e s c e n c e  will have  to p o s s e s s  at leas t  t h r e e  p r o p e r t i e s  (249,  257):
(i) It must  be eff ic ient  in a b s o rb in g  l ight ,  (ii) It must  d i s s i p a t e  the 
a b s o rb e d  light l a rge ly  in the form of emit ted light r a t h e r  than a s  
ro ta t iona l  and v ib ra t iona l  e n e r g y ,  (iii) The f l u o r e s c e n t  molecule  
chosen  should not be ab le  to a b s o rb  at the wavelength  at  which it 
emi ts  l ight ,  i . e .  the f l u o r e s c e n c e  p roduce d  should not be  in te rna l  ly 
quenched .
3 .  S t r u c t u r e  and P r o p e r t i e s  of F lu o ro c h r o m e s
A l ipha t ic ,  s a tu r a t e d  compounds a r e  not f l u o r e s c e n t .  A b s o r b e n c e  
of light is  a ided  by the addi t ion of loosely bound e l e c t r o n s ,  e s p e c i a l l y
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when they  a r e  d i s s i p a t e d  o v e r  the e n t i r e  molecule  a s  r e s o n a n c e  
e l e c t r o n s  (257).  Two o r  m ore  p o l a r  g roups  and two o r  m ore  
a l t e r n a t iv e  va lency  s t r u c t u r e s  a r e  two common p r o p e r t i e s  of d y e -  
s tu f f s .  The  p r e s e n c e  of fused a rom ati c  r i n g s  may be  one  c h a r a c t e r ­
is t i c  of some f lu o r e s c e n t  d y e s .  The  s t r u c t u r e  f e a t u r e s  which a r e  
common to a lot of f l u o r e s c e n t  dyes  include r ig id i ty ,  p l a n a r i t y  and 
ge n e ra l  exten t  of conjuga ted  bond s y s te m ,  which a r e  all enhanced  by 
oxygen b r id g e  (249,  257).  T h e s e  condi t ions  a r e  fulf i l l ed  by the 
s t r u c t u r e  of f l u o r e s c e in  and of rhodamine  (258).  B e c a u s e  of t h e i r  
g r e e n i s h  and r e d d i s h  co lou r  of emiss ion  r e s p e c t i v e l y ,  they  a r e  
r e a d i ly  d i s t ingu isha b le  f rom the blui sh a u to f l u o re s c e n c e  of nuc le ic  
a c id s  and p r o te in  t ryp t  O-'Pham and t y ro s i n e  in t i s s u e  (257).  T h e s e  
f lu o ro c h ro m es  a r e  c a pab le  of r e a c t in g  with an t ibod ie s  u n d e r  c o n d i t ions  
that do not abo l ish spec i f ic  ant ibody ac t iv i ty  (258).  Am ines ,  e s p e c i a l l y  
a rom a t ic  a m ine s ,  a r e  convenient  s t a r t i n g  m ate r ia l  f o r  the p r e p a r a t i o n  
of highly r e a c t i v e  d e r i v a t i v e s  that  con juga te  with p r o t e i n s  in the  col d 
and in pH r a n g e s  (5 -  9 . 5 ) ,  at  which d é n a tu ra t ion  of p r o t e i n s  is  
min imized .  The most  commonly used  d e r i v a t i v e s  inc lude  i s o c y a n a t e s ,  
the m ore  soluble  i so th io c y a n a te s ,  diazonium s a l t s  and a z i d e s .  
A l t e r n a t i v e ly ,  the amines can  be r e a c t e d  d i r e c t l y  with p r o t e i n  v ia  
c a rb o d  i imide (257).
4 .  P r o p e r t i e s  of Conjugated Antibody P r o t e i n s  
with F lu o ro c h r o m e s _________________________
F l u o ro c h r o m e s  con juga te  th rough t h e i r  r e a c t i v e  g r o u p s  to f r e e  
amino and ca rboxyl  g roups  of p r o t e i n ,  e i t h e r  at  the ends  of e ach  
p r o te i n  cha in  o r  in the lysine,SS^rVjcand glutamic ac id  r e s i d u e s .
O the r  po s s ib l e  r e a c t iv e  g roups  of p ro te in  molecule  a r e  the guan id ino
101
of a r g i n i n e ,  the phenol ic  of t y r o s i n e ,  the imino of h i s t i d in e ,  trypltOt;phan 
and N- te rm ina l  of p r o l i n e  and the thiol of c y s t e i n e  .Addit ional  g r o u p s  
may be  a l s o  in troduced  into p r o t e i n  (257, 258) ,  The  e s s e n t i a l  r e q u i r e ­
ments  of f l u o r e s c e n t  p r o te i n  t r a c in g  :is: the s t a b l e  chemical  l inking 
of an t ibody  p ro te in  to f l u o r e s c e n t  d y e ,  the combina t ion of which 
must  be  f l u o r e s c e n t .  Although f lu o r e sc e n t  dy e s  have  s ta b i l i ty  in 
d i f fe ren t  p h a s e s ,  it can  e a s i l y  be d i s t u r b e d  by small  c h a n g e s  in 
environment  o r  s t r u c t u r e .  The  pH,  ionic s t a t e  of the m ole cu le ,  
n a tu r e  of the s o lve n t ,  d e g r e e  of subd iv is ion  of the m a t e r i a l ,  v i s c o s i t y ,  
t e m p e r a t u r e  and the in troduc t ion  of chemical  g r o u p s ,  can  all  have  
a marked  effect on the f l u o r e s c e n c e  c h a r a c t e r i s t i c s  ( 2 5 7 ) .
5 .  F l u o r e s c e n c e  Microscopy
S i n c e  spec i f ic  f l u o r e s c e n c e  emiss ion is  r e l a t i v e ly  weak c o m p a r e d  
to the total light n e c e s s a r y  fo r  i l l umina t ions ,  a high in tens i ty  l igh t ,  
a s  p rov ided  by the m e r c u r y  a r c  high vacuum lamp, is  n e c e s s a r y  to 
obtain b r igh t  imm unof luo rescence .  F l u o r e s c e n c e  m ic r o s c o p y  is 
s e n s i t i v e  b e c a u s e  the emit ted light is s e e n  aga ins t  a d a r k  b a c k g r o u n d .  
H e n c e ,  it i s  important that only the emitted light is s e e n  and not the 
i l luminating light (257,  259) .  The  s e p a r a t i o n  of u n a b s o rb e d  i l l umina t ing  
light f rom the emitted light can  be  achieved by us ing  f i l t e r s  b e tw e en  
light s o u r c e  and s p e c im e n s .  Ano ther  f i l t e r  is  added to a b s o r b  u . v .  
light (249,  260).  To r e t a in  only the f l u o r e s c e n c e  em is s ion  l igh t ,  
addi t ional  f i l t e r s  must  be  p lac e d  between  s p e c im ens  and the e y e .
6 .  S ta in ing
Immunocytochemistry depends  on the p r i m a r y  binding  of a n t i b o d ie s  
to the ant igen in the c e l l .  Consequen t ly ,  an t ibod ie s  of any immuno­
globul in  c l a s s  o r  even  monovalent f ragm en ts  of a n t ibod ie s  a r e  s u i t a b l e
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r e a c t io n  (249).  T h e r e  a r e  s e v e r a l  s ta in in g  s e q u e n c e s  f o r  l o c a l i z a ­
t ion of an t igen-an t ibody  r ea c t io n  in t i s s u e ,  including d i r e c t ,  i n d i r e c t ,  
complement ,  double  and sequen t ia l  t ec hn iques .
(a) D i r ec t ;  The antibody is  label led d i r e c t l y  and b inds  with the 
an t igen  in the c e l l s .
(b) Ind i rec t :  In th is  t echn ique  unlabel  led ant ibody b inds  to the 
ant igen in the c e l l s  and the antibody is  loca l ized with a l abe l led 
ant ibody aga in s t  s p e c i e s .
A s im i l a r  sys tem us ing a labe l led ant i -complement  an t ibody is  a l s o  
u s e d .  B e c a u s e  IgG molecule  p o s s e s s e s  a number  of an t igen ic  
d e t e r m i n a n t s ,  s e v e r a l  a n t i - I g G  molecu les  can  r e a c t  with a s in g l e  
an t ibody molecule  in the f i r s t  s t e p .  Th is  i n c r e a s e s  the  s e n s i t i v i t y  
of the  ind ir ec t  method to  about  10 t imes that  of the d i r e c t  l abe l led  
an t ibody .
I B . M a te r i a l s  and Methods
1. M a te r i a l s
(i) T i s s u e  p r e p a r a t i o n :  P a n c r e a t i c  t i s s u e  s e c t i o n s  w e r e  p r e p a r e d  
a s  d e s c r i b e d  e a r l i e r  in th is  c h a p te r  (pp70) by cu t t ing  the  t i s s u e  
e i t h e r  f ro z e n  o r  pa ra f f in  embedded.  Di f fe ren t  f ix a t iv e s  w e r e  u s e d .
(ii) P r i m a r y  a n t i s e r a :  The fol lowing a n t i s e r a  w e r e  p r e p a r e d  in the 
U n ive rs i ty  of S u r r e y ,  Depar tment  of B io c h e m is t ry  (Appendix I): 
Rabbi t  anti po rc in e  glucagon s e r a .
Guinea pig anti  p o r c i n e  insul in  s e r a .
P r i m a r y  a n t i s e r a  w e r e  d i lu ted with P . B . S .  in d i f f e r e n t  c o n c e n ­
t r a t i o n s  of 1/20 -  1 /400 .
(iii) S e c o n d a r y  a n t i s e r a :  The  fol lowing s e c o n d a r y  a n t i s e r a  w e r e  
p u r c h a s e d  from N ord ic  Limited,  U . K ; ;
lUj)
F l u o r o  i so th iocyana te  conjugated  to goat anti  r abb i t  IgG (G A R FIT C )  
o r  anti guinea pig IgG (G A G P F IT C ) .
(iv) Fiorse  se rum 0 . 5  ( inact iva ted)  was obtained from Wellcome 
L a b o r a t o r i e s ,  B eckenham , Kent ,  U .K .
(v) Evans ' ,  b lue was  p u r c h a s e d  from Raymond Lamb,  U . K .
S e c o n d a r y  a n t i s e r a  w e r e  di lu ted in P . B . S .  conta in ing  20% h o r s e
se ru m  o r  in 0 .01% E v a n s  blue  in P . B . S .  (20% h o r s e  s e rum )  in
d i f f e re n t  c o n c e n t r a t io n s  of 1/10 -  1 /40 .
(vi) Microscope :  A C a r l  Z e i s s  s t a n d a r d  un ive r sa l  m ic r o s c o p e  with
a high p o w e r e d ,  vacuum m e r c u r y  vapour  lamp was  used  with hea t  
f i l t e r  (BG38), an exc i t a t ion  t ra n sm i t t ing  be tw een  300 and 500nm 
(B12)and  a b a r r i e r  f i l t e r  t ra n sm i t t ing  above SlOnm ( N o . 51) .
2 .  Method
(i) S ta in ing  P r o c e d u r e :  The  s ta in ing  p r o c e d u r e  was  i n d i r e c t
sandwich method,  a s  follows:
1. The pa ra f f in  embedded t i s s u e  s e c t i o n s  w e r e  dewaxed  in 
xy lene ,  b rough t  th rough  g rade d  alcohol  to w a te r ;  f ixed  o r  
unfixed f ro z e n  s e c t i o n s  w e re  used  d i r e c t l y .
2 .  The  s e c t i o n s  w e r e  immersed in 20% h o r s e  s e ru m  in P . B . S .  
f o r  20 min,
3 .  d r i e d  with blo t t ing  on Whatman Bench Kote .
4 .  2 o r  3 d r o p s  of spec i f ic  a n t i s e r a  (diluted an t ig lucagon  o r  
anti  insul in)  w e r e  appl ied  on the s l i d e s .
5 .  The  s l i d e s  w e r e  incubated in a humid a tm o s p h e re  at  room 
t e m p e ra t u re  fo r  1 -  2 h r ,  o r  at  37°C  fo r  30 min,
6 .  washed  in two c hanges  P . B . S .  in a b e a k e r  with a magne t ic  
s t i r r e r  f o r  30 min.
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7 .  Spec i f i c  anti  I g G - F I T C ,  opt imal ly d i lu ted ,  was  app l i ed  to 
the s l i d e s .
8 .  The  s e c t i o n s  w e r e  incubated  f o r  1 -  2 h r  at  room t e m p e r a t u r e ,
9 .  washed  in 3 ch a n g es  P . B . S .  in a b e a k e r  with a magnet ic  
s t i r r e r  f o r  30 min,
10. mounted in p H 8 .9  bu f fe red  g l y c e r o l ,
11. Examined unde r  u . v .  m ic r o s c o p e .
(ii) Cont ro l :  S e v e r a l  con tro l  p r o c e d u r e s  w e re  c a r r i e d  out to v e r i fy  
the spec i f ic i ty  of the s ta in ing  r e a c t i o n .  T h e s e  included s u b s t i t u ­
t ion of normal  se rum  in p l ac e  of immune se rum  and examinat ion 
of t i s s u e  unde r  u . v .  m ic ro sc o p e  without the a p p r o p r i a t e  a n t i s e r u m .
1C.  R e s u l t s
S ta in ing  of p a n c r e a t i c  s e c t i o n s  fo r  insul in  showed b r ig h t  g r e e n  
f l u o r e s c e n c e  in the p a n c r e a t i c  i s le t  and a l s o  l e s s  in tense  in the e x o c r i n e  
g land .  T h i s  n on -spec i f i c  s ta in ing  was  s l igh t ly  r educ e d  by u s ing  E v a n s '  
blue a s  a c o u n te r s t a in .
The  s ta in ing  f o r  glucagon was  u n s u c c e s s fu l ,  with no s p e c i f i c  s t a in in g  
o b s e r v e d .
Dif fe ren t  f a c t o r s  w e re  examined -  the f ixa t ive u s e d ,  c o n c e n t r a t i o n  of 
a n t i s e r a ,  incubat ion t ime,  pH of b u f f e r .
F ixa t ion  in buf fe red  fo rmalin  compared  to B ou in ' s  and Z e n k e r  so lu t io n ,  
a l s o  p ro lo nga t io n  of incubat ion t ime with h ighe r  d i lu t ions  of a n t i s e r a ,  
gave some improvement in the qual i ty  of s ta in in g  with l e s s  n o n - s p e c i f i c  
s t a in in g ,  but the improvement was  not of an a c ce p tab le  l eve l .  Immuno­
c y to c h e m is t ry  r e q u i r e s  two-fold spec i f ic i ty ;  the an t ibod ie s  used  must  be  
spec i f ic  fo r  the an t igens  unde r  inves t ig a t io n  and the immunocytochemical  
r e a g e n t s  should not s t a in  t i s s u e s  by mechanisms o th e r  than immunologic
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r e a c t i o n .  The no n - sp e c i f i c i t y  of the fo rm e r  c l a s s  is ca l l ed  "an t ibody 
non - sp e c i f i c i t y "  and the n o n - sp e c i f i c i t y  of the l a t t e r  c l a s s  " s t a in ing  
non -sp e c i f i c i t y "  (249).
E l e c t r o s t a t i c  and hydrophobic  binding of s ta in ing  r e a g e n t s  with 
t i s s u e  a r e  the ch ie f  c a u s e  of n o n - sp e c i f i c  s ta in ing  (249) .  E l e c t r o n  
hydr id iza t ion  makes  f lu o ro c h ro m es  highly p o l a r  s u b s t a n c e s .  When 
hyd ro p h o b e  binding i n c r e a s e s ,  p ro te in  a ggrega t ion  is p r o d u c e d ,  which 
h a s  a g r e a t  tendency than monomeric  p ro te in  to t i s s u e  n o n - sp e c i f i c i t y  (263).  
A f u r t h e r  f a c t o r  in s t a in ing  n o n - sp e c i f i c i t y  is  e l e c t r o s t a t i c  a t t r a c t i o n  
o r  sa l t  l inkage .
Removal  of all uncon juga ted  f l u o r e s c e in ,  s e p a r a t i o n  of low r a t i o  
F I T C  to antibody p r o t e i n  (1:1 o r  2:1) f rom high r a t i o  F I T C / P  and 
con juga ted  IgG g r e a t ly  r e d u c e  s ta in ing  n o n - s p e c i f i c i t y .  The  f a c t o r s  
con tr ibu t ing  to antibody n o n - spe c i f i c i ty  a r e  a s  follows:
1. C r o s s  r e a c t io n  due  to v a r i a b l e  reg ion  he te r o g e n ic i t y  of a n t ibod ie s  .
2 .  N a tu ra l  a n t ibod ie s .
3 .  C r o s s  r e a c t i o n s  due  to mult ipl ic i ty  of an t ibod ie s  evoked  by d i f f e re n t  
types  of an t igen ic  de te r m in a n t s  in the an t igens  u sed  f o r  immuniza t ion.
4 .  C r o s s  r e a c t i o n s  due to contaminat ion of the immunizing a n t i g e n s .
5 .  C r o s s  r e a c t i o n s  due to unknown ant igenic  d e te r m in a n t s  in v a r i o u s  
t i s s u e s .
S in c e  glucagon and insul in  vjerp  s ta ined  sp e c i f ic a l l y  with immuno­
p e r o x i d a s e  method ( d e s c r ib e d  l a t e r  in this  c h a p te r ) ,  the lack of s u c c e s s  
would not be  due to f a c t o r s  which c on t r ibu te  in n o n - sp e c i f i c i t y  of p r i m a r y  
an t ib o d ie s .
N on- spec i f ic  s ta in ing  is  thought  to depend upon the i n t e r a c t io n  of 
nega t ively  c h a rg e d  t i s s u e  p r o t e i n s .  pH is important  in chang ing  the net
c h a r g e  of conjugated  p r o t e i n ,  but in use  it is limited by i ts  effect  on the 
f l u o r e s c e n c e  in tens i ty  of the c on juga te .  The  o th e r  f a c t o r  which could 
a l t e r  the p r e s e n t  work is the f ixa t ive ,  but  th is  is a l s o  l imited b e c a u s e  
it could r e d u c e  the an t igen ic  ac t iv i ty  of h o rm o n e s .  No s ta in ing  was  s e e n  
in t i s s u e s  f ixed in a lcoho l .
2A. Immunoperoxidase  Techn ique
Cell enzymes  can  be de m ons t ra ted  cy to chem ica l ly .  While c a ta ly t i c  
p roduct ion  of a l a rge  number of p roduct  molecu les  is the b a s i s  of 
s e n s i t iv i ty  of t h e i r  r e a c t i o n ,  s u b s t r a t e  spec i f ic i ty  is the key to the 
s e le c t i v i t y  of t h e i r  loca l iza t ion .  The  r e q u i r e m e n ts  fo r  the s u c c e s s fu l  
cy tochemica l  dem ons t ra t ion  of enzymes in c e l l s  include ava i l ab i l i t y  of 
s o lub le  s u b s t r a t e s  which form p r o d u c t s  that  can  e i t h e r  be p r e c i p i t a t e d  by 
a c a p tu r in g  a ge n t ,  o r  can  spon taneous ly  undergo  s e c o n d a r y  p r e c i p i t a t i o n .
The  lowest s o lub i l i t i e s  and the most  amorphous  end p r o d u c t s  have  been  
obtained by the u se  of p o ly m e rs .
The e a s e  of cytochemical  v i sua l iz a t ion  of enzym es  c a n  be  u t i l i z e d  in 
immunocytochemis try .
The following c r i t e r i a  is used  in the c ho ice  of enzyme by S t r e n b e r g e r  (249) .
1. The  enzyme should be easi l  y de te c ta b le  by a cy tochemica l  method .
To e n s u r e  high r e so lu t ion  the  e n z y m e - r e a c t io n  p ro d u c t  shou ld
not diffuse away from the p roduc t ion  s i t e .  T he  cy tochemica l  
s u b s t r a t e  should have a hi^h tu r n o v e r  r e a c t i o n  r a t e  with the 
enzyme in neu tra l  b u f f e r s .
2 .  The  enzyme should be ava i l ab le  in p u r e  fo rm .
3.  Conjugat ion with immunoglobulin should not abo l i sh  enzyme 
a c t iv i t y ,  a lthough it may impair  i t .
4 .  The enzyme should be f a i r l y  s t a b l e  in neu t ra l  so lu t io n .
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5.  P r e f e r a b l y ,  the enzyme should be of r e l a t i v e ly  small  m o le c u la r  
we ight ,  a s  small enzyme-ant ibody complex p e n e t r a t e s  t i s s u e  
somewhat  b e t t e r  than l a r g e r  com plexes .
6 .  P r e f e r a b l y ,  the s u b s t r a t e - r e l a t e d  enzyme should  not be  found 
a s  endogenous  c o n s t i tue n t s  of the t i s s u e  examined .
(i) H o r s e r a d i s h  p e r o x i d a s e  chemical  and phys ica l  p r o p e r t i e s
H o r s e r a d i s h  p e r o x i d a s e  fu lf i l ls  these  c r i t e r i a .  It i s widely 
d i s t r ib u t e d  enzyme in p lan ts ;  p u r e  enzyme f r e e  from p r o t e i n  and 
s u g a r  was obtained from h o r s e r a d i s h  plant  by Wil ls ta r  and C o w o r k e r s  
(264).  P e r o x i d a s e  c a t a l a s e s  the oxidat ion of a number of pheno l i c  
compounds in the p r e s e n c e  of hydrogen  p e ro x id e  (265).  The  d i am in o -  
benz id ine  hydrogen  p e ro x id e  method of Graham and K a rnovsky  (266) 
is  one of the b e s t  light and e le c t r o n  m ic ro sc op ic  cytochemica l  m ethods  
a v a i l ab l e .
P e r o x i d a s e  a c t s  upon hydrogen  pe rox ide  a s  fol lows:
p e r o x i d a s e  + H ^ C ^ ---------------------- compound
compound + A H ^ (d o n o r ) ---------------------- p e r o x i d a s e  + H ^ + A
The m o lecu la r  weight  of h o r s e r a d i s h  p e r o x i d a s e  is  4 0 ,0 0 0  and 
the molecule  is composed of seven  isozymes  all con ta in ing  p ro to hem in  
IX a s  p ro s t h e t i c  g r o u p .  The i so l e c t r i c  point  of enzyme m olecu le  is 
7 . 2  and optimum pH = 7 . 0 .  H o r s e r a d i s h  p e r o x i d a s e  is  r e v e r s i b l y  
inhibi ted by cyan id e  and sulfide^ at a c o n c en t ra t io n  of 10 ^ML A high 
conc en t ra t io n  of cyan ide  a bo l i she s  the enzyme and a  high p e r o x i d a s e  
c o nc en t ra t ion  r e d u c e s  the ca ta ly t i c  p o w e r .  C a rbon  monoxide d o e s  
not inhibit  the funct ion of p e ro x i d a s e  ( 2 6 3 .  Enzym es  exhibi t  high 
sp e c i f ic i ty .
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(ii) P r o p e r t i e s  of con jugated ant ibod ies  
with h o r s e r a d i s h  p e r o x i d a s e  (HPO)
1 1  4 , 4  -Qif luoro -  3 , 3  -d in i t rod iphenyl  su lfone  (F N P S )  by Nakane
and P i e r c e  (267) and g lu ta ra ldehyde  by A vra m e a s  (268) have  been
in troduced  fo r  the c r o s s - l i n k i n g  of p e r o x i d a s e  (PO) to immunoglobul in
/ I g G ) .  Conjugat ion  h a s  been c a r r i e d  out th rough a one o r  two s tep
p r o c e d u r e ^  Modesto and P e s c e  (269) have  shown that not m ore  than
1 .7  amino g r oups  p e r  molecule  of p e r o x i d a s e  a r e  a v a i l ab le  f o r  t h i s
b inding ,  even when e x c e s s  bifunct ional  r ea g e n t  is u s e d .  The  limited
extent  of r e a c t io n  a s s u r e s  that  enzyme ac t iv i ty  is not r e d u c e d  a s  a
r e s u l t  of e x p o s u re  to conjuga ted  agen t .  The  r e a c t io n  of con ju ga te
rea ge n t  (even bifunct ional reagen t )  with immunoglobul in m olecu le  is
much f a s t e r  than p e r o x i d a s e .  Consequen t ly ,  the p redom inan t  r e a c t i o n
p r o d u c t s  a r e  po lym ers  of immunoglobul ins . On a v e r a g e ,  con ju ga t io n
m olecu le s  conta in  only 3 IgG and IPO molecule  (249) .  In two s t e p
con juga t ion ,  the uneven competi t ion of both p r o t e i n s  f o r  r e a g e n t  is
avoided  and it i s  a ssumed  that  conjuga te  m olecu le s  c o n s i s t  of one
molecule  p e r o x i d a s e  with a s in g le  molecule  of an t ibody .  In the  two
s tep  p r o c e d u r e ,  b e c a u s e  both c h a r g e  and weight  of the c on juga te  a r e
f a i r l y  c lo s e  to those  of unconjugated immunoglobul in,  it i s  diff icu l t
to s e p a r a t e  unconjugated IgG from con juga te .  S o  F a b  f ragm en t  is
used  inst ead  of bulk of immunoglobul in.
i
It h a s  been  found that  the s e n s i t iv i ty  of s ta in in g  is  about  equal  
w he ther  one s tep  o r  two s tep  conjuga te  is used  (269).  H o w e v e r ,  the 
p e n e t r a t i o n  of fo rm aldehyde-f ixed  c e l l s  is m ore  r ap id  with two s t e p  
p r e p a r e d  p e r o x i d a s e - a n t i b o d y , o r  p e r o x i d a s e  Fab  c o n ju g a t e ,  than  
with one s t e p  p r e p a r e d  p e ro x id a s e - a n t ib o d y  c on juga te .
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A pp a re n t ly ,  the one s tep  conjuga te  p e n e t r a t e s  m ore  s lowly  
b e c a u s e  i ts  IgG is po ly m e r ic .  The  conjugat ion of p e r o x i d a s e  with 
Fab  in two s t e p s  i n c r e a s e s  pe n e t r a t a b i l i ty  fo r  t h r e e  r e a s o n s  (249):
1. P o lym er iza t ion  of F a b  is minimized and the bulk of 
con juga te  is b in a r y  (one p e r o x i d a s e  and one F a b  subun i t ) .
2 .  Subs t i tu t ion  of Fa b  f o r  IgG d e c r e a s e s  the s i z e  of the 
b in a ry  complex.
3 .  Conjugated Fab  is ea s i l y  s e p a r a t e d  from unconjuga ted  F a b .
In th is  inves t iga t ion  the com merc ial ly  p r e p a r e d  IgG con juga ted
p e r o x i d a s e  was  used  in the ind i rec t  sandwich method adap ted  from 
B u r n s  and Brown_e t . aJF (270,  271 ,  272) to give a s e n s i t i v e  and 
spec i f ic  method for  immunocytochemical s tudy  of the p a n c r e a t i c  i s l e t ,
(iii) S ta in ing
The  s u b s t r a t e  fo r  p e r o x i d a s e  is  hydrogen  p e r o x i d e .  Enzyme ac t ion  
do e s  not cont inue  in the a b s e n c e  of an e le c t r o n  d o n o r .  The  e l e c t r o n  
donor  is ox id ized at the v e ry  s i t e  of act ion  of the enzyme and not at 
a d i s t a n c e  from i t .  Diamino benz id ine  is one of the r e a g e n t s  which 
is widely used  to d e m o n s t ra t e  enzyme p e r o x i d a s e  cy tochemica l  l y . 
Diamino benz id ine ,  when donat ing e l e c t r o n s  to hyd rogen  p e r o x i d e  
via p e r o x i d a s e ,  appa ren t ly  fo rm s  an oxidat ive  in te rm e d ia te  which 
rap id ly  p o ly m e r iz e s  to an am orphous ,  insoluble  b row n  dep o s i t  
su i t ab le  f o r  light m ic ro scopy  (F ig .  2 . 8 ) .
Added osmium te t rox ide  is rap id ly  r educ e d  and c he la te d  by th i s  
po lym er ,  leading to p r e c ip i t a t i o n  at the s i t e  of enzyme ac t ion  of  a 
b l a c k ,  e l e c t r o n  opaque ,  in so lub le ,  low va le n c e ,  c h e la te d  p r o d u c t  o f  
os  mium. The  r ea c t io n  of enzyme could a l s o  be d e m o n s t r a t e d  by
I I
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F i g .  2 . 8  Diamino benz idine  (DAB) dona te s  e l e c t r o n s  to hyd rogen  p e r o x i d e  
via  p e r o x i d a s e .  The f r e e  bonds of the oxidat ion p r oduc t  of DAB 
rap id ly  r e a c t  with each o the r  to form an insoluble  p h e na z ine  
po lymer  of somewhat  hypothet ical  composi t ion (417).
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us ing  d i f fe ren t  r e a g e n t s  such  as :  the m ix tu re  of two p a r t s  p y r o -  
techol (by weight) and one p a r t  p - p h e n y le n e d ia m in e -d ih y d ro c h lo r id e  
in the p r e s e n t  of hydrogen  pe ro x id e  (273).  The c o -p o ly m e r  formed 
a s  a r e s u l t  of th is  oxidat ive  coupl ing r e a c t io n  is osmeophil i e  and 
b l u e r  than oxidized DAB.
In o r d e r  to obtain d i ff e ren t  colours*, oC naphtbôlfollowed by 
pyron in  fo r  r e d d i s h  pink and 4-GH naphtholfor  g r e y i s h  b lue  c o l o u r s  
have  been  used  (274).
2 B . M a te r ia l s  and Methods
1. M a te r ia l s
(i) P r e p a r a t i o n  of t i s s u e  s e c t ions :  P a n c r e a t i c  t i s s u e  ob ta ined  from 
d i f f e ren t  s p e c i e s  including m ice ,  r a t s ,  guinea p i g s ,  r a b b i t s  and 
h a m s t e r s ,  w e re  fixed in d i f fe ren t  f ix a t iv es  fo r  p e r i o d s  of t ime 
e i t h e r  at room t e m p e ra t u re  o r  at  4 ° C . The  t i s s u e s  w e r e  then  
washed e i t h e r  in s e v e r a l  changes  of d i s t i l l ed  w a t e r  o r  P B S  f o r  
a periq<d of 1 -  24hr  at room t e m p e r a t u r e  o r  at 4 ° C . The t i s s u e s  
w e r e  then p a s s e d  th rough  g rad e d  alcohol  to xylene and embedded 
in p a ra f f in  wax (melting point  56°C) .
S e c t i o n s  of 2 -  6um w e re  cut  on a micro tome and mounted on 
s t a n d a r d  g l a s s  s l i d e s  in the way d e s c r i b e d  e a r l i e r  (ppjQ' ) .
The fol lowing a d h e s iv e s  w e r e  used  in a t t achment  of s e c t i o n s  
to s l i d e s :  i
T i s s u e - T a c  from D A D E , Miami, F l o r i d a ,  U . S . A .
(s l ide  adhesive)
T i s s u e - B o n d  from H a r le c o  , U . S . A .
G lyce r in  Albumin from Raymond Lamb,  U . K .
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(ii) A n t i s e r a :
(a) P r i m a r y  a n t i s e r a :  The fol lowing p r im a r y  a n t i s e r a  w e r e
p r e p a r e d  at the Un ive rs i ty  of S u r r e y ,  B io c h e m is t ry  D ep t .  
Rabbi t  anti p o r c i n e  glucagon
Guinea pig anti  p o r c i n e  insul in
Rabbi t  anti bovine p a n c re a t i c  po lypep t ide
Rabbi t  anti syn the t ic  cyc l i c  somatos ta t in
(b) S e c o n d a r y  a n t i s e r a :  The  fol lowing s e c o n d a r y  a n t i s e r a  w e r e
p u r c h a s e d  from Miles L a b o r a t o r i e s ,  U .K .
P e r o x i d a s e  conjugated  goat  anti  r abb i t  IgG (PGARIgG)  
P e r o x i d a s e  conjuga ted goat anti guinea  pig IgG (PGA GPIgG)  
Non immune normal  goat a n t i s e r a  w e r e  obta ined  from the 
B iochem is t ry  Dept .
All a n t i s e r a  w e re  di lu ted in P . B . S .  o r  with 5 -  20% non immune 
s e rum  in P . B . S .
(iii) Buf fer  solut ions :
(a) P . B . S .  w e re  p r e p a r e d  a s  d e s c r i b e d  e a r l i e r  in th i s  c h a p t e r  
(PP 60 ) '
(b) T r i s - b u f f e r e d  salinepH 7 . 6 :  0 .05M T r i s - H Q  b u f f e r ,  pH 7 . 6
( 6 .05g  of T r i s  (hydroxy methyl  ami»no methane) 
w e re  p r e p a r e d  by d i sso lv in g / in  1 l i t r e  d i s t i l l e d  w a t e r
containing 0.9NaGI* The pH 7 . 6  was  ad ju s ted  by add ing  a
few d r o p s  of c o n c e n t r a t e d  HCI unde r  pH m e t e r  c o n t r o l .
/
(iv) S ta in ing  r e a g e n t s :  The  following s ta in ing  r e a g e n t s  w e r e  ob ta ined :
a ) 3 , 3  ^ -di ami nobenzidine t e t r a h y d r o c h lo r id e  (DAB) (brown) 
from S i g m a f  U .K .
b) 4-CI-1 naphthol(blue) f rom Sigma, U.K.
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2 .  Method
Immunoperoxidase  s ta in ing :
P e r o x i d a s e  label led ant ibody sandwich  method:
1. The  s l i d e s  w e r e  p r e p a r e d  f o r  s ta in ing  by removal  of the
pa ra f f in  in two changes  of xylene  and b r in g ing  the s l i d e s  to
P . B . S .  th rough d e c r e a s i n g  c o n c e n t r a t i o n s  of ethyl  a l c oho l .  
F ixed  o r  unfixed f rozen  s e c t io n s  w e r e  washed  d i r e c t l y  in 
two change  P . B . S .
2 .  Blocking  endogenous p e ro x i d a s e  was  c a r r i e d  out in the 
fol lowing way: s e c t io n s  w e r e  d r a i n e d ,  b lo t t ed  with t i s s u e  
p a p e r  and t r a n s f e r r e d  to 0 .5% so lu t ion  of h y d ro g en  p e ro x i d e  
in methanol  fo r  30 min.
3 .  S e c t i o n s  w e r e  then r in s e d  in d i s t i l l ed  w a te r  fo r  a few s e c  
and t r a n s f e r r e d  into P . B . S .
4 .  To r e d u c e  non spec i f ic  background  s t a in in g ,  the s t a in in g  was
p r e c e d e d  by incubat ing s e c t i o n s  with normal non immune,  non
conjugated  s e r a  (NIS)  di luted in 1:5 with P . B . S .  f o r  p e r i o d s  
of 5 -  30 min.
5 .  The s e c t i o n s  w e r e  then r in s e d  fo r  j u s t  a s econd  in P . B . S .  
and then d r i e d  by blot t ing on Whatman B e n c h k o te .
6 .  V ar ious  d i lu t ions  of the p r im a r y  a n t i s e r a  w e r e  app l i ed  to the 
s l i d e .  The  t i s s u e  se c t io n s  w e re  c o v e re d  comple te ly  with 
the  r e q u i r e d  amount of the a n t i s e r u m .
7 .  The s l i d e s  w e r e  p laced  in a s ta in in g  r a c k ,  s e c u r e d  in s id e  a 
humidi ty c h a m b e r .
8 .  The  incubation was c a r r i e d  out at d i f f e re n t  t e m p e r a t u r e s  -  
4 ° C , room t e m p e ra t u re  and 37°C f o r  p e r i o d s  of 30 min to 48 h r
9 .  The  se c t io n s  w e r e  washed  in two cha n g es  of P . B . S .  fo r  
15 -  30 min.
10. The  s e c t io n s  w e r e  then t r e a t e d  with optimal d i lu t ion  of 
s e co n d a ry  a n t i s e r a  PG ARlgG o r  P G A G P lg G  and incuba ted
f o r  p e r i o d s  of 30 min -  3 h r  e i t h e r  at  room t e m p e r a t u r e  o r  3 7 ^ 0 .
11. The  s e c t io n s  w e r e  washed  in two cha nges  of P . B . S .  fo r  15 min.
12. The  end p roduct  was  s ta ined  with one of the fol lowing s u b s t r a t e  
so lu t ions :
I
(a) 125mg/100ml of 3 , 3  -d iaminobenz id ine  t e t r a h y d r o c h l o r i d e
DAB was f r e s h ly  d i s so lved  in P . B . S .  pH 7 . 2  f i l t e r e d  
through g l a s s  wool ,  and w as  added to the so lu t ion
to a final c o nc en t ra t ion  of 0 .002% .  S l i d e s  w e r e  incuba ted  
fo r  2 - 5  min, then washed in runn ing tap w a t e r .
(b) A solut ion of s u b s t r a t e  4 -C I - l  naphthôlwas p r e p a r e d  ju s t  
be fo r e  i ts  use  in the fo l lowing  manner :  50mg 4 - C I - l  
naphthdlwere d i s s o lv e d  f i r s t  in 0 . 2 m l  a b s o lu t e  e thanol  
and then mixed with 100ml 0 .0 5 n  T r i s - b u f f e r  a t  pH 7 . 6 .
I
A b lu ish  white p r e c i p i t a t e  formed when mixed with the 
T r i s - b u f f e r  and was removed by f i l t r a t i o n .  The  H^©^ 
was added to the so lut ion to a final c o n c e n t r a t i o n  of
0 .0 0 5 .  The incubat ion time was 5 - 1 0  min.  Adding a 
few d r o p s  of 0 .1% CuSG^ i n c r e a s e d  the in tens i ty  of 
s ta in ing .
Cont ro l :  S e v e r a l  con tro l  p r o c e d u r e s  w e re  c a r r i e d  out to v e r i f y
the spec i f ic i ty  of the s ta in ing  r e a c t i o n .  T h e s e  included
(a) subs t i tu t ion  of normal  se rum in p l a c e  of immune s e r u m .
(b) incubat ion of the t i s s u e  in p e r o x i d a s e  s u b s t r a t e  without
a p p r o p r i a t e  a n t i s e ru m ,  o r  (c) the app l icat ion  of a n t i s e ru m
p r e v i o u s ly  a b s o rb e d  with an e x c e s s  of the  s pec i f ic  ant igen a s
be low .  Each  p r im a r y  an t i s e rum  was incubated  with a p p r o p r i a t e
amounts  of ant igen fo r  48hr  at  4 ° C . and then c e n t r i f u g e d  at
5000 r . p . m .  fo r  20 min,  the s u p e r n a t a n t s  used  fo r  imm unosta t ing .
S ta in ing  of s e c t io n s  fo r  i ron  pigments:
P e r l ’s  P r u s s i a n  blue r e a c t io n  (201)
1. S e c t i o n s  w e re  brought  to w a t e r ,
2 .  t r a n s f e r r e d  to a f r e s h  solu t ion  of equal p a r t s  of 2% aqueous  
po tass ium f e r r o c y a n id e  and 2% h y d r o c h l o r i c  ac id  fo r  30 min,
3.  washed  thoroughly  in s e v e r a l  ch a n g es  of d i s t i l l e d  w a t e r ,
4 .  c o u n te r s t a in e d  with 1% neu tra l  r ed  f o r  10 -  15 s e c ,
5 .  washed  in w a t e r ,  d e h y d ra t e d ,  c leaned  and mounted in D . P . X .
2 C . R e s u l t s
1. F ixa t ion
The  de tec t ion  of an t igens  in t i s s u e  c e l l s  by immunocytochemical  
methods depends  on the methods of p r e p a r i n g  t i s s u e s  which do not 
d e s t r o y  the immunological ac t iv i ty  of such  s u b s t a n c e s .  T i s s u e  
s e c t i o n s  have  been  p r e p a r e d  usua l ly  e i t h e r  by cu t t ing  the  t i s s u e  while  
f ro z e n  o r  by d ry ing  it f rom the f r o z e n  s t a t e  and embedding  it f o r thw i th  
in p a ra f f i n .  Chemical f ixat ion h a s  normally  been  avoided b e c a u s e  it
Iwas  thought  that  ant igen and ant ibody ac t iv i ty  was  i n ac t iva ted  by 
convent ional  h i s to logical  methods .  Lacy and D av ie s  (275) d e s c r i b e d  
the u se  of any f ixa t ive ,  even 1% fo rm a l in ,  a s  inh ib i t t ngsubsequen t  
s ta in in g  of insu l in ,  poss ib ly  by d e n a tu r in g  the a n t ige n .  H o w e v e r ,  
many f ix a t iv e s ,  a s  c u r r e n t l y  employed,  s t i l l  pe rm i t  the u s e  of immuno-
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hi stochemica l  r e a c t io n s  with s e c t i o n s  of p a ra f f in  embedded t i s s u e s .
The  methods of t i s s u e  p r e p a r a t i o n  f o r  loca l iza t ion  of t h r e e  
t ypes  of a n t ig e n s ,  in so lub le ,  so luble  and highly s o lub le  , a r e  d i f f e r e n t .  
The  f r e e z in g  techn ique  is  su i t ab le  p a r t i c u l a r l y  fo r  inso luble  an t igen  
which a r e  not removed by washing and s ta in ing ;  the f r e e z in g  and 
thawing do not g e n e ra l l y  a l t e r  the an t igen ic  a c t i v i t y .  H o w e v e r ,  the 
method h a s  s e v e r a l  sho r tcom ings  which limit i ts  app l i ca t ion  and 
affect  the qua l i ty  of p r e p a r a t i o n .  So lub le  an t igens  a r e  e a s i l y  : !£  
d i s lo c a te d  du r ing  wash ing and need to be f ixed b e f o r e  s t a i n in g ,  but  
th is  can not a lw ays  be accomplished  by f ixing f r o z e n  s e c t io n s^ ,  
b e c a u s e  in highly so lub le  an t igens  diffus ion  is m ore  r a p id  than 
f ixat ion  (249).  The  f roz e n  se c t io n s  a r e  of ten t h i c k e r  than  d e s i r e d  
and give insuff ic ient  r e so lu t ion  and non s pec i f ic  f l u o r e s c e n c e  (276) .  
F i n a l l y ,  long term s t o r a g e  and r e t r o s p e c t i v e  s tu d i e s  a r e  not p r a c t i c a b l e  
on f ro z e n  s e c t i o n s .  T h e s e  d i sa d v a n ta g e s  could be  avo ided  by us ing  
pa ra f f in  - embedded  s e c t i o n s .  P a ra f f in -e m b e d d e d  s e c t i o n s  p r e s e n t  
a number of a d v a n ta g e s .  Some of t h e s e  a r e  the g e n e ra l  a d v a n ta g e s  
of pa ra f f in -em bedded  s e c t io n s  o v e r  f ro z e n  s e c t i o n s :  (1) s u p e r i o r  
p r e s e r v a t i o n  of morphology due to b e t t e r  f ixa t ion ,  (2) p e rm a n en t  
p r e p a r a t i o n  with indefini te  s t o r a g e  p r o p e r t i e s ,  and (3) s e c t i o n s  m o re  
su i t a b le  f o r  pho tography .  O the r  ad v a n ta g e s  a r e  r e l a t e d  to the qua l i ty  
of immunohistochemical t echn iques :  p a r a f f i n  embedding low e rs  t h e
non spec i f ic  background  s ta in ing  and l e s s  de tachment  of s e c t i o n s  -----
from s l i d e s  o c c u r s  d u r in g  p r o c e d u r e ,
in the method of S a in te  (277) t i s s u e s  w e r e  f ixed in cold  alcohol  
and then p a ra f f in -em bedded .  H o w e v e r ,  t h i s  f ixa t ive  was  not
s a t i s f a c t o r y  fo r  gene ra l  h i s to log ic  examinat ion and t h e r e f o r e  not 
commonly u s e d .  T a y l o r  and a s s o c i a t e s  (278, 279) used  fo rm alin  a s  
a f ixa t ive  f o r  the immunoperoxidase t e c h n iq u e s .  A m o re  r e c e n t  
method was p r o p o se d  by B r e n t  and H a r r y  (276) us ing  B o u in ’s  so lu t ion  
a s  a f ixa t ive  fo r  the immunofluorescent  s ta in ing  of p a ra f f in -em be dded  
t i s s u e s .
I n t r a c e l l u l a r  an t igens  a r e  m ore  e a s i l y  d e m o n s t r a t e d  than s u r f a c e  
an t igens  in c e l l s  that  have  been  s e c t io n e d ,  s i n c e  l e s s  mem brane  
s u r f a c e  is ava i l ab le  f o r  s ta in ing  and o b s e r v a t io n .  As the t h ic k n e s s  
of the sec t ion  is l e s s  than that  of the c e l l s ,  the  c e l l s  a r e  cut  open ,  
making th e i r  i n t e r io r  r ea d i ly  a c c e s s i b l e  to a n t ib o d ie s .  T h i s  a c c e s s ­
ibil i ty  sometimes  a l t e r s  with d i ff e ren t  f ix a t iv e s  o r  d i f f e ren t  r e a g e n t s .
In dem ons t ra t ion  of the u l t r a  s t r u c t u r a l  loca l iza t ion  i n t e r a c e l l u l a r  
ant igen  s i t e s  us ing the immunocytochemical method,  C a r d i f f  and Lund 
(280) found an i n t e r a c e l l u l a r  r e a c t i o n  only if the ce l l  m em brane  had 
been  d e s t r o y e d .  S e v e ra l  a t tempts  have  been  made to improve the 
pe rm eab i l i ty  of the cel l  membrane  fo r  an t ibodies ,  e s p e c i a l l y  a t  e l e c t r o n  
m ic ro sc ope  leve l ,  such a s  enzymatic  d iges t ion  of the ce l l  s u r f a c e  (281),  
f r e e z in g  and thawing and the  app l i cat ion  of d ige ton in  a s  a ce l  1 membrane 
d i s ru p t in g  agent  (282) .  T h e s e  at t empts  r e s u l t e d  e i t h e r  in d e s t r u c t i o n  
of the cell  o r  po o r  p e n e t r a t i o n .  With the u s e  of d i f f e r e n t  f ixa t ive s  
Avra tn eas  ' and T e rnynck  (283^ found e a s y  p e n e t r a t i o n  could be  
ach ieved  with c e l l s  f ixed in o rgan ic  so lv e n t s  such  a s  the a l c o h o l -  
e th e r  m ix tu re ,  but not with c e l l s  f ixed with c r o s s  l inking s u b s t a n c e s ,  
such  a s  fo rm aldehyde .  Most r e c e n t l y ,  Bohn (284) a c c e l e r a t e d  the 
ant ibody pe n e t r a t i o n  th rough cel l  mem brane  by adding s a p o n in s  to 
the f ixa t ive  mix tu re  con s i s t in g  of pa ra fo rm a ld e h y d e  and g l u t a r a l d e h y d e .
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Due to the g r e a t  v a r i a t i o n  in s e n s i t i v i t i e s  of an t ig e n s  to d i f fe ren t  
phys ica l  and chemical  c o n d i t ions ,  it is expec ted  that  some f ixat ion 
methods will be m ore  s u i t a b le  to p a r t i c u l a r  an t igens  than o t h e r s .
Among the f ix a t iv e s ,  the d e h y d ra n t s  (e thano l ,  m ethano l ,  i s o -  
p roprano l  and acetone)  have  the widest  app l i ca t ion  in immunocyto-  
chem is t ry  b e c a u s e  t h e i r  effect  on an t igen ic  r e a c t i v i t y  is minimal .  
Small  molecule  p r o t e i n s ,  such  a s  p i tu i ta ry  h o r m o n e s ,  a r e  m ore  
r e s i s t a n t  and t o l e r a t e  l a r g e  c o n c e n t r a t io n s  of a ld e h y d e s  (249) .
In r e c e n t  y e a r s  the B o u in ’s  solu t ion h a s  been  wide ly u sed  f o r  
immunocytochemical  s tudy of p a n c r e a t i c  i s l e t  at  light and f l u o r e s c e n t  
m ic roscop ic  level by many i n v e s t i g a t o r s .
In a t tempts  to f ind a s u i t a b le  f ixat ive f o r  immunocytochemical  
s tudy of pa n c re a t i c  i s l e t ,  d i f f e ren t  f ixa t ives  w e r e  examined  with 
r e s p e c t  to pH,  t e m p e r a t u r e  and the t ime of f ixa t ion  ( T a b le  2 . 4 ) .
As Tab le  2 . 4  i n d i c a t e s ,  the pH and t e m p e r a t u r e  of f ixa t ion  did 
not play ve ry  important r o l e s  in the  cho ice  of f ix a t iv e .
I n c r e a s in g  the t ime of f ixa t ion with 95% ethanol  up to 24 h r  at  
room t e m p e ra tu re  and 48 h r  a t  4°C  c a u s e d  a r ed u c t io n  in the  in tens i ty  
of s ta in ing fo r  glucagon and so m a to s ta t i n .  No s t a in in g  was  o b s e r v e d  
fo r  insul in  when the t i s s u e  was  f ixed in 95% e thano l .
Optimum time of f ixa t ion with B ou in ’s  so lu t ion  was  12 -  24 h r .  
I n c r e a s i n g  the time of f ixa t ion ^ p  to 5 da y s  c a u se d  s t r o n g  s h r in k a g e ,  
d e c r e a s e d  s ta ining  in tens i ty  and i n c r e a s e d  non s p e c i f i c  s t a i n in g  on 
the s e c t i o n s .  The t ime of f ixat ion with f ixa t ives  c on ta in ing  g l u t a r ­
a ldehyde ,  b e c a u s e  of i ts  r ap id  p e n e t r a t i o n ,  was  l e s s  than  that  of 
o th e r  f ixat ives ;  p ro longed  f ixat ion was  un s u i t a b le .
IZU
With f ixat ion in fo rm aldehyde ,  no change  in the  in tens i ty  of 
s ta in ing  was  o b s e rv e d  when the t ime of f ixat ion was  i n c r e a s e d  to 
5 d a y s .
As a r e s u l t ,  15% formol  s a l i n  and 10% buf fe red  fo rm alin  w e r e  
found to be optimal f ixa t ives  fo r  the s tudy of i n su l in ,  g lucagon ,  
somatos ta t in  and p a n c r e a t i c  po lypep t ide  p os i t ive  c e l l s .  The  a n t i ­
genic i ty  of insu l in ,  g lucagon,  somatos ta t in  and p a n c r e a t i c  po lypep t id e  
was  p r e s e r v e d  when the t i s s u e s  w e r e  f ixed in B o u in ’s  s o lu t io n ,  but  
non spec i f ic  background  s ta in in g  was  h i g h e r .  O th e r  f i x a t i v e s ,  l ike 
z e n k e r  so lu t ion ,  methanol  and e th ano l ,  seemed  to p r e s e r v e  the a n t i ­
genici ty  of some of the ho rmones  to some e x te n t ,  but  not  all  of them 
(Table  2 . 4  ) .
S in c e  t h e r e  was  a p o ss ib i l i ty  that  the lo ss  of a n t ig e n e t i c  a c t iv i ty  
might o c c u r  d u r ing  p r o c e s s i n g  r a t h e r  than f ixat ion a lo n e ,  the  f ixed 
t i s s u e s  w e r e  a l s o  cut in f ro z e n  s t a t e .  A p a r t  f rom f r e e z i n g  e f f e c t s ,  
no c r i t i c a l  change  was o b s e rv e d  in the p r e s e r v a t i o n  of a n t ig e n ic i ty  of 
an t ig e n s .
2 .  A n t i s e r a
The  r e s u l t s  obtained with p r o g r e s s i v e  d i lu t io ns  of the p r i m a r y  
a n t i s e r a  a r e  p r e s e n t e d  in Tab le  2 .5 .  The  p ro longed  incuba t ion  t im es  
indicated in Tab le  2 . 5  (48hr) w e r e  n e c e s s a r y  to a c h i e v e  good s t a in in g  
in tens i t i e s  with the low c o n c e n t r a t i o n s  of the s e r a  u s e d .  S h o r t e n i n g
  of the incubation t ime,  on the o t h e r  hiand, r e q u i r e d  i n c r e a s i n g  cdnceh' -^
t r a t i o n s  of the a n t i s e r a  to ach ieve  c om pa rab le  r e s u l t s .  With a n t i -  
glucagon di luted 1:50 an incubat ion t ime of 30 min at  room t e m p e r a t u r e  
r e s u l t e d  in too s t r o n g  s t a in in g .  The  p ro longed  incuba t ion  t ime w as
ABLE 2 .5
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Resu l t  of immunoperoxidase s ta in ing  with p r o g r e s s i v e  d i lu t ions  
of the p r im a ry  a n t i s e r a ,  s e ns i t iv i ty  and ba ckground  s t a in ing
Ant ise rum Dilut ion Incubat ion time (h rs )
1 ncubat ion 
t e m p e ra t u re  (C)
1 n tens i ty  of 
immunostaining
B a ckground
s ta in in g
anti glucagon 1:20 1 18 -  22° +++ ++
1:40 1 - 2 I? ++++ ++
1:80 1 -  3 II ++++ +
1:160 2 - 3 II +++ +
1:160 1 6 - 4 8 4° ++++ +
1:320 2 - 3 18 -  22° ++ +
1:320 16 -  48 4° +++ +
1:640 48 II + +
nti insul in 1:20 1 18 -  22° +++ ++
1:40 1 -  2 II ++++ ++
1:80 1 -  3 II ++++ +
1:160 2 - 3 It +++ +
1:160 16 -  48 4° +++ +
1:320 2 - 3 18 -  22 + +
1:320 1 6 - 4 8 4° ++ +
1:640 48 II + -
iti somato­ 1:20 1 18 -  22 +++ ++
s ta t in 1:40 1 -  2 II +++ ++
1:80 1 - 3 II ^ +++ + +
1:160 2 - 3 II +++ + +
1:160 16 -  48 ■ 4° +++ +
1:320 2 - 3 18 -  22° + +
1:320 16 -  48 4 ° ++ +
1:640 48 II + -
ti p a n c r e a t i c 1:20 1 1 8 - 2 2 ° +++ +
lypept ide 1:40 1 -  2 II +++ +
1:80 1 - 3 II +++ +
1:160 2 - 3 •» ++ +
1:160 16 -  48 1 4 ° + +
1:320 2 - 3 18 -  22° + +
1:320 1 6 - 4 8 4° —
1:640 48 II
c a r r i e d  out in the cold room (0 -  4 °C ) .  The  t ime of incubat ion  could 
be even sh o r t e n e d  at  37°C ins tead  of room t e m p e r a t u r e ,  but  it c a u s e d  
high background  s ta in ing e s p e c i a l l y ,  with high c o n c e n t r a t i o n s  of a n t i s e r a .
All a n t i s e r a  di luted up to 1:80 w e r e  used  at  room t e m p e r a t u r e  fo r  
p e r i o d s  of 1 -  3 h r .  Incubat ion of s e c t i o n s  with a n t i s e r a  d i lu ted  from 
1:160 up to 1:320 was c a r r i e d  out at  two d i f f e ren t  t e m p e r a t u r e s ,
18 -  22°C and 4 ° C .  The t ime of incubat ion  with r e s p e c t  to the 
t e m p e ra t u re  was ve r i f ied  fo r  p e r i o d s  of 1 -  3 h r  and 1 6 - 4 8  h r  
r e s p e c t i v e ly .  The  incubat ion t ime fo r  a n t i s e r a  d i lu ted  1:640 was  48 h r  
at 4 ° C .
3 .  S ta in ing
The aim of the DAB re a c t io n  in light m ic r o sc o p ic  level was  to 
r e v e a l ,  a s  c lo s e ly  a s  p o s s ib l e ,  all s i t e s  w he re  HPO is p r e s e n t  
( i . e .  ul t imately all ant igenet i c  s i t e s  that  r e a c t e d  with p r i m a r y  antibody)  
without p roducing  addit ional depos i t ion  of the r e a c t i o n  p ro d u c t  on the 
t i s s u e .  T h e r e f o r e ,  the optimal cond i t ions  f o r  the DAB/H^G^ r e a c t i o n  
is  a l s o  con t r ibu ted  to improve e ff i c iency  of the t e c h n iq u e .  The  c o n c e n ­
t ra t io n  of DAB and c u r r e n t l y  be ing  used  fo r  im m unoperox idase
s ta in ing  by d i f fe ren t  i n v e s t ig a to r s  showed p e r h a p s  the most s t r i k i n g  
lack of uniformity among all v a r i a b l e s  of the t e c h n i q u e s ,  with the r a t i o  
of DAB:HgC^ rang ing  from 0 . 3  to 7 . 5 ,  a 250- fold d i f f e r e n c e  (285 ,  286 ,
287,  288) .  ^
Such va r i a t i o n  indicated that  t h e  s e le c t i o n  of the amount  u s e d  w a s — -  
not b a sed  on e s ta b l i she d  and g e n e ra l l y  a c ce p ted  c r i t e r i a .  T h u s  it 
was important  to de te rm ine  the opt imal  amounts  of DAB and with
r e s p e c t  to the t ime of r eac t ion  in the p r e s e n t  w o rk .
1 ^ 3
As Tab le  2 . 6  sh o w s ,  using high concen t  r a t  ionsof o r  DAB and
pro long ing  the time of incubation r e v e a l e d  high non s pec i f ic  background
s ta in in g  and sometimes  non spec i f ic  s t a in in g .  Minimizing the t ime of
incubat ion with r e s p e c t  to the optimal amounts  of DAB/H_GL gave theL z
b e s t  r e s u l t .  The  optimal t ime was  2 min ( F ig .  2 . 9 ,  2 . 1 0 ) .
Among the o th e r  r e a g e n t s  4 - 0 - 1  naphthôlwas a l s o  employed in th i s  
i nves t iga t ion .  S in c e  th is  r eagen t  is  h a r d l y  so lub le  in a queous  so lu t ion ,  
the amount was kept  cons tan t  by d i s s o lv in g  50 mg in 100 ml b u f f e r .  The 
optimal conc en t ra t io n  of was found to be  0 .005% . The  time of r e a c t io n  
was  p ro lo nged  to 5 -  10 min.  The  u se  of 1% solu t ion  of c o p p e r  su l f a te  was  
e s se n t i a l  to enhance  the in tensi ty  of s t a in ing  (F ig .  2 . 1 1 ,  2 .12 )
4 .  Control
Hormonal spec i f ic i ty  of the s ta in ing  was  obtained  with all  of the  a n t i s e r a ,  
a s  f u r t h e r  ind ica ted  by the a b s o rp t io n  e x p e r i em e n ts  r e p o r t e d  in T a b le  2 . 7 .
5 .  Non spec i f ic  s ta in ing
Non spec i f ic  s ta in ing  of p a ra f f in  s e c t i o n s  by the immunoperox idase  
t echn iques  usua l ly  a p p e a r s  a s  a uniform back g ro u n d ,  and can  become a 
m a jo r  l imitation in the appl ica t ion  of the immunoperox idase  t ec h n iq u es  to 
the ident i f i cat ion  of an t igens .
The reduc t ion  of non speci f ic  backg round  s ta in in g  was  ac h ie v e d  by:
(i) T re a tm e n t  of s e c t io n s  in methanol  con ta in ing  hyd ro g en  p e r o x i d e  
(0.5%) to diminish all i n t r in s i c  p e r o x i d a s e  a c t i v i t y .  Although the 
p e r o x i d a s e  act ivi ty  could Ipe i r r e v e r s i b l y  inhibi ted by methanol
---------- contain ing 1% sodium m t r o f e r i c y a n a t e  and 1% a c e t i c  ac id  (289)~.------
Th i s  t rea tm ent  could m a te r i a l l y  affect  the r e a c t i v i t y  of most  
t i s s u e  a n t ig e n s ,  so  the u se  of it h a s  been  l imited.
(ii) The u se  of non immune s e r a  (N IS) in t rea tm en t  of the s e c t i o n s  
■ be fo re  appl ica t ion  of p r i m a r y  a n t i s e r a  and d i lu t ion  of
M i
T A B L E  2 . 6
Amount of diamino benz id ine  (DAB) and 
used  for  immunoperoxidase s ta in in g
C onc e n t ra t ion  of 
DAB (mg/100ml)
Concen t ra t ion
of
S pec i f i c
s ta in ing
Non spec i f ic  
backg round  
s t a in ing
200 0 .0 5 ++++ +++
200 0.01 ++++ +++
150 0.01 ++++ ++
75 0.01 ++++ ++
50 0.01 +++' ++
200 0 .0 05 ++++ ++
150 0 .0 05 ++++ + +
125 0 .005 ++++ + +
125 0 .0 04 ++++ +
125 0 .002 ++++ +
75 0 .002 ++++ +
50 0.002 +++ +
25 0 .002 ++ +
Although the use  of P B S  o r  T r i s  bu f fe r  (TBS)  pH 7 . 6  did not make  any 
d i f f e re n c e  in the making of subs tra tei  with DAB, the  use  of T r i s  bu f fe r  
in the p r e p a r a t i o n  of s u b s t r a t e  with 4jGI-l naphtholgave the b e s t  r e a c t i o n  
p r o d u c t .
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F i g .  2 . 9  Rat  p a n c r e a s .  5u fo rmalin  f ixed t i s s u e .  Immunoperoxidase
s ta in ing  of insulin s e c r e t i n g  c e l l s .  The se c t io n s  incubated  fo r  
2 h r  with di lution of a n t i s e r a  1:160 at room t e m p e r a t u r e .  
S u b s t r a t e  D A B / H ^ ^ *  x 400 .
F i g .  2 . 1 0  Rat p a n c r e a s .  5u formal  in fixed t i s s u e .  Immunoperox idase
s ta in ing  of glucagon s e c r e t i n g  c e l l s .  The  s e c t i o n s  incuba ted  f o r  
2 h r  with dilution of a n t i s e r a  1:160 at room t e m p e r a t u r e .  
S u b s t r a t e  DAB/H^Qg » x 400 .
fF i g .  2 .11  Mouse p a n c r e a s .  5u fo rm alin  f ixed t i s s u e .  Immunoperoxidase  
s ta in ing  of insul in s e c r e t i n g  c e l l s .  The  se c t io n s  incubated fo r  
2 h r  with di lut ion of a n t i s e r a  1:160 at room t e m p e r a t u r e .  
S u b s t r a t e  4CI-1 -naphthoKH^O^. x 400.
J
&'»
F i g .  2 .1 2  Rat  p a n c r e a s .  5u formalin f ixed t i s s u e .  Immunoperoxidase
s ta in ing of glucagon s e c r e t i n g  c e l l s .  The  s e c t i o n s  incuba ted f o r  
2 h r  with di lution of a n t i s e r a  1:80 at room t e m p e r a t u r e .
S u b s t r a t e  40F1 -n ap h to l /H ^Q ^ . x 400.
1 ^ /
TABLE 2 . 7
Con t ro l s  fo r  ant ibody sp e c i f i c i t y .
R e s u l t s  of immunoperoxidase  s ta in ing  a f t e r  ab s o rp t io n  of p r im a r y  a n t i s e r a  with a n t igens
P r i m a r y
a n t i s e r a
Dilution 
of a n t i s e r a
Antigen used  
fo r  a b so rp t ion
Amount 
of an t igen 
ug/ml (a)
S e n s i t i v i t y  
of s ta in ing  (b)
nti glucagon 1:20 P o r c in e  glucagon 
P o r c in e  insul in  
Som ato s ta t in
5
10
20
+
+
Bovine p a n c r e a t i c  
polypep t ide 5 +
nti somatos ta t in 1:20 P o r c in e  glucagon 
P o r c in e  insul in  
Som atos ta t in
10
10
10
+
+
Bovine p a n c r e a t i c  
po lypep t ide 10 +
nti insul in 1:20 P o r c i n e  glucagon 
P o r c in e  insu l in  
Som ato s ta t in
10
10
20
+
+
nti p a n c re a t i c  
polypept ide 1:10 P o r c i n e  glucagon P o r c i n e  insul in  
Som atos ta t in
10
10
20
+
+
+
Bovine p a n c r e a t i c  
po lypept ide 5 -
le  s ign  -  shows a b s e n c e  of s ta in ing and + ind ic a te s  p o s i t i v e  s t a in in g .
) C a lcu la ted  a s  the final amount of ant igen in the  a n t i s e r a .
) init ia l  di luted a n t i s e r a  a b so rbe d  with ant igen  a f t e r w a r d s  used  in d i f fe ren t  d i lu t io n ,
including optimal di lut ion in rout ine  way.
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all a n t i s e r a  with b u f f e r / N I S  had g r e a t  effect in the r ed u c t io n  
of non specif ic  s t a in ing  (24),  Among d i f fe ren t  normal  s ^ u m  
which w ere  u s e d ,  the goat  and h o r s e  normal s e ru m  w e r e  found 
to be more  effec t ive  in the  r educ t ion  of non s p e c i f i c i t y ,
(iii) The use  of p r im a ry  a n t i s e r a  in high di lut ion and f inding opt imal  
condi t ion fo r  DAB/H^Q^ r e a c t i o n  w e r e  two o t h e r  m ajo r  f a c t o r s  
in enhancing the e ff ic iency  of s ta in in g .
(iv) Detachment  of s e c t i o n s  from s l i d e s  du r ing  s ta in ing  was  a p ro b le m ,  
so  many ad h e s iv e s  w e r e  t r i e d  to p r e v e n t  f loat ing of the s e c t i o n s .
' The use  of albumin so lu t ion  a s  adhe s ive  p roduce d  a high b a c k ­
ground s ta in ing  on the s e c t i o n s .  The  main c r i t i c i s m  w as  when 
the sec t io n s  w e re  s t a in e d  fo r  glucagon ,  som a tos ta t in  and p a n c r e a t i c  
po lypept ide .  Th is  non s pec i f ic  s ta in ing  was  ove rcom e  by us ing  
o th e r  adhesive  compounds l ike t i s s u e  bond .  The  r e a s o n  f o r  t h i s  
is be l ieved to be due  to  coupl ing ho rm ones  to ovalbumin to r a i  se  
a n t i s e r a ,  t h e re b y  anti s e r a  c r o s s  reac tswith  ovalbumin on the  
s e c t io n s  and p ro d u c e  non spec i f ic  background  s t a in in g .
In sp i t e  of the above mentioned f a c t o r s  which r e d u c e d  the non s p e c i f i c  
s ta in in g  and enhanced the e ff ic i ency  of immunoperox idase  techn ique  fo r  
p a n c r e a t i c  ho rm ones ,  t h e r e  w e r e  o th e r  f a c t o r s  which w e r e  a l s o  c o n s i d e r e d .  
I n c r e a s i n g  the time of washing  r e d u c e d  non s pec i f ic  s t a in ing  to som e e x t e n t .  
It h a s  been  sugges ted  that  the u s e  of T r i s  bu f fe r  a p p e a r s  to r e d u c e  non 
spec i f ic  s ta in ing  in immunof luorescent  techn ique  a s  c om pared  with p h o s p h a te  
b u f fe r s  (249) ,  but in this  inves t ig a t io n  no change  was  o b s e r v e d  in the  u s e  
of d i ff e ren t  e i t h e r  P B S  o r  T r i s  b u f f e r .  In embedding,  when t i s s u e  w as  
exposed  to heat  for  more  than 3 h r ,  the non s pec i f ic  s ta in ing  i n c r e a s e d .
I J
The u se  of two di ff e ren t  t e m p e r a t u r e s , 4°C and room t e m p e r a t u r e ,  
did not show any effect  in the eff i c iency  of s ta in in g .
6 . I ron pigments
The obs e rv a t io n  of a few yellow g r a n u l e s  sometim es  a round  i s l e t s  
and in te r lo b u la r  duc ts  on uns ta ined  s e c t io n s  was thought  to have  
p e ro x id a s e  ac t iv i ty .  H o w e v e r ,  the incubat ion of u n t r e a t e d  s e c t i o n s  
with DAB/H^Z^did not show s ta in in g .  S ta in ing  of the s e c t i o n s  with 
P e a r l s ’ P r u s s i a n  blue  method r e v e a l e d  blue p igm en ts ,  confi rmed  a s  
i ron  pigments  (F ig .  2 . 1 3 ) .  I ron  p igments  w e r e  not found within the i s l e t s .
3A. Simul taneous  Local izat ion of two T i s s u e  Ant igens  
us ing the P e r o x id a s e  Label led Antibody Method
The  loca l izat ion  of two d i f f e ren t  an t igens  in the same  s e c t i o n  by
immunocytochemistry ga ined i n c r e a s i n g  im por tance .  A method which
ident i f i es  more  than one an t igen  in the same s e c t ion  of t i s s u e  would be  of
c o n s id e r a b l e  va lue in the s tudy  of p a n c r e a t i c  is le t  c e l l s .  In the  u se  of
the immunofluorescent  techn ique  two t i s s u e  an t igens  have  been  loca l iz ed
s im ultaneously with f l u o r e s c e n t  compounds of d i f f e ren t  c o l o u r s  (290,  291) .
Antigen (a) s t a in s  g r e e n  by binding ant ibody from F ITC- labe l led  anti  " a "
and ant igen (b) in the same t i s s u e  s t a i n s  o r a n g e - r e d  by binding  an t ibody
from l is samine  rhodamine B200 label led  anti  " b " .
A number of s ta b le  r e a c t io n  p r o d u c t s  of p e r o x i d a s e  of d i f f e re n t  c o l o u r s
may be  u s e d .  The r e a c t io n  p r o d u c t s  a r e  not an in tegra l  p a r t  of the an t i body ,
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a s  can  be shown by the s e l e c t i v e  elut ion of ant ibody from the s e c t i o n s  
without removing the r e a c t io n  p r o d u c t s  (274).  T hus  t h i s  method cou ld  be  
used  fo r  the s imultaneous  loca l iza t ion  of two a n t i g e n s ,  by r e p e a t i n g  the 
elut ion and the in ternal  hi s tochemica l  p r o c e d u r e  aga in  with a d i f f e re n t  
s u b s t r a t e .
I f
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F i g . 2 .1 3  Rat p a n c r e a s .  Fo rm a l in  fixed t i s s u e .  P e a r l s '  P r u s s i a n  blue 
s ta in ing ,  c oun te r s ta in ing  neu tr a l  r e d .  I ron  pigments  s ta ine d  
blue and nuc lei  r e d .  x 100 .
This  p r e s e n t  s tudy  d e s c r i b e s  the loca l iza t ion  of two d i f f e ren t  ho rmones  
in a s ing le  h is to logic  p r e p a r a t i o n  of r a t  p a n c r e a s ,  and the s tudy  of some 
f a c t o r s  which play an important  r o le  in the s e n s i t iv i ty  of m e thods .
3 B . M a te r ia l s  and Methods 
1 . M a te r ia l s
The following so lu t ions  w e r e  used  fo r  d i s s o c i a t i o n  of a n t i s e r a  
f rom th e i r  ant igenic  s i t e s :
(a) 5M sodium iodide in T B S  at  pH = 9 . 0
(b) 5M po tass ium iodide in T B S  at  pH = 9 . 0
(c) 7M sodium c h lo r id e  in T B S  at pH = 7 . 0
(d) IN h y d ro ch lo r i c  ac id
2 .  Methods
(i) Method of s ta in ing :
The  method of s ta in ing  was p e r o x i d a s e  label led  an t ibody  method,  
a s  d e s c r i b e d  e a r l i e r  ( s e e  p a g e | j 3 ) .
(ii) Examinat ion of e ff i c iency of e lut ion of an t ibod ies :
The  eff ic iency  of e lut ion  of an t ibod ie s  f rom t h e i r  a n t ige ns  was  
t e s t e d  in the fol lowing m a n n e r : -
1. The  se c t io n s  w e r e  f i r s t  r e a c t e d  with spec i f ic  ant ibody  
followed by p e r o x i d a s e  label led  anti  r abb i t  o r  anti  guinea  
pig IgG.
2 .  The se c t io n s  w e re  immersed  in one of the above  ment ioned
I
solut ions  without s ta in ing  fo r  a p e r i o d  of t im e .
3.  The  eluted and washed s e c t i o n s  w e r e  r e a c t e d  aga in  with the 
p e ro x id a s e  label led IgG and s t a in e d  f o r  p e r o x i d a s e .
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If e i t h e r  the p r im a r y  a n t i s e rum  o r  p e r o x i d a s e  labe l led  IgG
remained  on the s e c t i o n s ,  the s i t e  of an t igen  was  s t a i n e d ,  but
if both a n t i s e r a  w e r e  removed comple te ly ,  no r e a c t i o n  p roduc t
was p r e c i p i t a b l e .
(iii) S imul taneous  s ta in ing  of two an t igens  in the same sec t ion :
1. The  f i r s t  ant igen  was  local ized a s  d e s c r i b e d  e a r l i e r  (page 1:13) 
by us ing D A B / H ^ ^  3s  a s u b s t r a t e  fo r  b rown r e a c t i o n .
2 .  The  s e c t io n s  w e r e  immersed  f o r  d i f f e re n t  p e r i o d s  of t ime 
in one of the so lu t ions  to e lu te  t i s s u e - b o n d  a n t ib o d ie s .
3 .  The s e c t i o n s  w e r e  washed  in t h r e e  c h a n g e s  of d i s t i l l e d  w a t e r ,  
r in s e d  in buf fe r  so lu t ion .
4 .  The eluted and washed s e c t i o n s  w e r e  r e a c t e d  aga in  with o th e r  
spec i f ic  an t ibod ie s  fo r  48 h r  at 4 ° C .
5 .  The second  and subsequen t  an t igens  w e re  loca l ized  s im i la r ly  
us ing 4 - C l - l  naphthoKH^C^ a s  s u b s t r a t e  that  de v e lo p s  r e a c t i o n  
p roduct  of a blue c o l o u r .
6 . The s e c t io n s  w e r e  then washed  in tap w a t e r  f o r  5 min ,  r i n s e d  
in d i s t i l l ed  w a te r  and mounted with g ly c e r in  j e l ly  and examined 
under  light m ic r o sc o p y .
3 .  Control
Control  c o n s i s t e d  of subs t i tu t ing  normal  s e rum  fo r  a s p e c i f i c  
a n t i s e ru m . I
3 C . R e s u l t s
The high eff ic iency of the method depended  on minimizing non s pe c i f ic  
background  s ta in ing  and the removal of ant ibody from an t igen ic  s i d e  of 
t i s s u e .  The use  of d if fe rent  methods  f o r  removal  of a n t ibod ie s  f rom t i s s u e .
such  a s  high ionic s t r e n g th  (274),  low pH., o r  a so lvent  such  a s  d i m e th y l -  
formide  (292),  e l e c t r o p h o r e s i s  at  low pH in the p r e s e n c e  of d imeth y l -  
formamide (293) and most  r e c e n t ly  the u s e  of ox id izing r e a g e n t s  such  a s  
Kmno4 HgSo^ , have  been  s ugge s te d  (294).  H o w e v e r ,  in th i s  inves t ig a t io n  
the use  of IN hyd ro ch lo r i c  acid  f o r  a p e r i o d  of 2 h r  was  found the most  
s a t i s f a c t o r y  when compared  to o th e r  r e a g e n t s  t e s t e d  (Tab le  2 . 8 ) .  The 
abi l i ty  of acid  so lut ion to d i s s o c i a t e  an t i gen -an t ibody  complex was the 
same fo r  all the hormones  s tu d ie d .
The -sequence of s t a in in g ;  a lthough any of the  two s u b s t r a t e s  could be
used  at  any s ta ge  in the s e q u e n c e ,  the b e s t  r e s u l t s  w e r e  ob tained  when
DAB was used f  i r s t , I n  the s ta in ing  of p a n c r e a t i c  s e c t i o n s  of the r a t  f o r
insul in  and g lucagon,  o r  fo r  insul in  and p a n c r e a t i c  po lypep t ide ,  the be ta
c e l l s  of r a t  is le t  w e r e  s ta ined  brown ( a r ranged  in a c e n t r a l  pos i t ion)and
P P ,  pos i t ive  c e l l s  o r  glucagon c e l l s  w e r e  blue  (pe r iphera l ly  d i s t r i b u t e d
a round  the c e n t r a l  m ass  of be ta  cel  Is XFig? 2 . 1 4 ,  2 . 1 5 ) .  The  s e q u e n c e
of double  s ta in ing  was a l s o  c a r r i e d  out fo r  g lucagon and s o m a tos ta t in  o r
fo r  p a n c r e a t i c  po lypept ide  and som a tos ta t in  ( F ig .  2 . 1 6 ,  2 . 1 7 ) .  The
s u b s t r a t e s  w e re  s e l e c t e d  to give r e a c t io n  p r o d u c t s  with p r i m a r y  c o l o u r s
(blue and b rown) .  If a s e c o n d a r y  c o lo u r  was  obtained it would ind ica te
the p r e s e n c e  of mix tu re  an t igen .  C o nse que n t ly ,  th is  t echn ique  is l imited
to the loca l izat ion  of only two a n t ig e n s ,  even though o th e r  c o l o u r s  may be
p r o d u c e d .  Although the lo ss  of an t igen d u r in g  elut ion  was  not o b s e r v e d ,
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the  abi l i ty  of the an t igen must be d e te rm ined  f o r  each  s y s t e m ,  a s  the  ac id  
elut ion may de n a tu re  some of the t i s s u e  a n t ige ns  which a r e  to be  loca l ized  
in the succeed in g  s t e p s .
(i) Sequen t i a l  s ta ining
S inc e  the blue r e a c t io n  p r o d u c t s  fo rmed with 4 -C I - l  naphtholcan be 
removed by dehydra t ion  in g raded  alcohol  and immers ion  in x y lene ,  the
A,
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F i g .  2 .1 4  A sec t ion  of p a n c r e a s  of r a t  s ta ined  with immunoperox idase  method 
for  two s e p a r a t e ,  glucagon s e c r e t i n g  c e l l s  (blue) and insul in  
s e c r e t i n g  c e l l s  (brown) x 100 .
F i g .  2 .1 5  A sec t ion  of p a n c r e a s  of r a t  s ta ined  with immunoperox idase  method 
fo r  two s e p a r a t e ,  P P  (blue) and B c e l l s  (brown) x 100.
f t '
F i g .  2 .1 6  P a n c r e a s  of r a t .  Immunoperoxidase s ta in ing  fo r  two s e p a r a t e  
glucagon s e c r e t i n g  c e l l s  (brown) and somatos ta t in  s e c r e t i n g  
c e l l s  (bluish grey)  on s ing le  s e c t i o n ,  x 400.
r
F i g . 2 .17  P a n c r e a s  of r a t . F o rm a l in  f ixed t i s s u e .  Immunoperox idase  s ta in ing  
fo r  two s e p a r a t e  P P  (bluish grey)  and somatos ta t in  (brown) c e l l s  on 
s ingle  s e c t ion ,  x 100 .
TABLE 2 . 8
Solvent  ’ of high ionic s t r e n g th  and low pH 
in d i s s o c i a t io n  of ant ibody from t i s s u e  an t igens
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A n t i s e r a
5M Sodium 
iodide 
pH = 9 . 0
5M P o ta ss ium  
iodide 
pH = 9 . 0
7M Sodium 
c h lo r id e  
pH -  9 . 0
HO (IN)
I h r
HO (IN) 
2h r
Anti
insul in —
Anti
glucagon + + - + +
Anti
B P P + + - + +
Anti
somatos ta t in 4- +
+ = complete  d i s s o c i a t io n  
-  = no d i s s o c i a t io n  
+ = weak d i s s o c ia t io n
sequen t ia l  s ta in ing must  be  accompli shed  in the fol lowing m anner :
S ta in ing  p r o c e d u r e :
1. Af te r  the immunocytochemical p r o c e d u r e  and pho to g ra p h y ,  the 
blue r e a c t io n  p r o d u c t s  fo rmed with 4 - 0 -1 naphtholwere  removed 
by dehydra t ion  in g ra d e d  alcohol  and immers ion  in xy lene .
(The removal of s ta in in g  p roduc t  could be accom pli shed  by 
ace tone  without de hyd ra t ion ) .
2 .  T i s s u e s  w e re  then r e h y d r a t e d  in g r a d e d  e thano ls  to  w a t e r .
3 .  Ant ibodies  w e r e  elu ted in the way d e s c r i b e d  e a r l i e r , washed  
under  running tap w a te r  u n t i l c l e a r  and immersed  in b u f f e r .
4 .  The se c t io n s  w e r e  s t a in e d  f o r  the o t h e r  an t igen  (hormone) and 
w e re  then pho tog ra phe d .
2: 5 D i s c uss ion
Af te r  s e v e r a l  t r i a l s  and se le c t i o n  of the p r o p e r  f ix a t io n ,  on the b a s i s  of 
t inc to r i a l  and s i l v e r  impregnat ion m ethods ,  only th io su lfa t ion  a ldehyde  fuchs in  
(TAF) and Gr imel iu s '  s i l v e r  n i t r a t e  methods w e r e  found to be s e n s i t i v e  and 
r e p r o d u c a b le  methods fo r  s ta in ing  p a n c r e a t i c  i s l e t  c e l l s  in the r a t  and m o u s e .
Whether these  two methods can  be  used  a s  s pec i f ic  methods  fo r  s tudy ing  
i s le t  c e l l s  in r e la t ion  to t h e i r  hormone  p roduc t ion  in d i f fe ren t  h i s topa tho log ica l  
s t a t e s  h a s  not been e s ta b l i s h e d  v e ry  we l l .  Al though insul in  p rod u c in g  p a n c r e a t i c  
tumors  and insul in in po lyac ry la m id e  ge l s  a r e  s t a in a b le  with a ldehyde  fuchs in  
(213,  239),  it i s diff icul t  to say  if the method is s e n s i t i v e  enough f o r  s tudy ing  
d i f fe ren t  funct ional  and h i s topa tholog ica l  s t a t e s  of the be ta  c e l l s .
Cytochemical  o b s e rv a t io n s  on p a n c r e a t i c  A ce l l  g r a n u l e s  by B u s s o l a t i  
_et. (295) sugges ted  that G r im e l iu s '  po s i t i v e  m a te r i a l  d i f f e r s  chem ica l ly
from glucagon,  the spec i f ic  hormone  of A^ c e l l s ,  which se em s  to be a s s o c i a t e d
with Gr im e l ius '  nega t ive  c o r e  of g r a n u l e .
S in c e  it was a l s o  s u g g e s t e d  (241) that  in some i s l e t s  the a rg y ro p h i l  c e l l s  
in the Grimel iu s  t echnique  c o r r e s p o n d e d  to the  A (A^) c e l l s  and in o t h e r  i s l e t s  
to some D (A^) c e l l s ,  the s ign i f ic a nce  of th is  method fo r  s ta in ing  g lucagon 
c e l l s ,  a lthough s t r ong ly  s u p p o r t e d  by some a u t h o r s  (296),  is u n c l e a r .
Of the two immunocytochemical t e c h n iq u e s ,  immunof luorescent  and immuno­
p e r o x i d a s e ,  the l a t t e r  was  found to be  most  e f f i c i e n t .
The p e ro x i d a s e  label led  ant ibody sandwich  method in th is  inves t ig a t io n  was 
found to be  a v e ry  s e n s i t i v e  and r e p r o d u c a b le  method,  and s im ple .
It should be  rem embered  that  the ove ra l l  e ff ic iency  of an immunohisto­
chemical  method is inf luenced by f a c t o r s  which may not depend on s ta in ing  
techn ique ,  and may even be beyond the con tro l  of the i n v e s t i g a t o r .  T h e s e  include 
d i s t r ib u t io n  and p o s s ib l e  masking of the an t igen  in the t i s s u e ,  and v a r i a b l e  lo ss  
of immunoreact ivi ty  du r in g  h is to log ica l  p r e p a r a t i o n  (f ixat ion ,  embedding ,  e t c . ) ,  
a s  well a s  f a c t o r s  affect ing p e n e t r a t i o n  of the  an t ibody .
2 :6  Summary
In the p r e s e n t  s tudy ,  with the u s e  of s p e c i f ic  a n t i s e r a  and s u i t a b le  f ixa t ion ,  
the p e ro x i d a s e  label led ant ibody method was  found the most  s e n s i t i v e  and 
r e p r o d u c a b le  method fo r  the ident i f i ca t ion of ce l l  types  in the i s l e t s  of the r a t  
and mouse us ing  the light m ic r o s c o p e .
CHAPTER 3
P A N C R E A T IC  ISLET CELL HORMONES, D I S T R I B U T I O N  OF CELL T Y P E S  
IN THE IS L E T S  OF THE RA T,  MOUSE, GU INEA P I G ,  R A B B IT  AND MAN
3:1 In troduc t ion
A. M acroscop ic  Anatomy of P a n c r e a s
The mammalian p a n c r e a s  is a compound gland c o n s i s t in g  of e x o c r in e  
and endoc r ine  t i s s u e .  It i s  c o v e re d  by a thin l aye r  of connec t iv e  t i s s u e  
which does  not ,  h o w e v e r ,  form a def in i te  f ib ro u s  c a p su le  (297).  Next  to 
the l ive r  the p a n c r e a s  is the l a r g e s t  gland connec ted  with the a l im en ta ry  
t r a c t .
(i) In man it i s  a  so f t ,  lumpy o rgan  with a l a r g e  head  long body and 
t a p e r in g  tail lying r e t r o p e r i t o n e a l l y  a t  about  the level of the 
second  and th i rd  lumber v e r t e b r a e .  On the r ight  i ts  head  is  
adhe ren t  to the middle  po r t ion  of the duodenum and i ts  body and 
tail ex tends  t r a n s v e r s e l y  a c r o s s  the  back  wall of the abdomen to 
the s p le e n .  In adu l t s  it m e a s u r e s  f rom 20 to 25 cm in length and 
v a r i e s  in weight  f rom 65 to 160 gm (298).  The  main p a n c r e a t i c  
duct  jo in s  to b i le  duct  and emptie s  into duodenum. The  u p p e r  
po r t ion  of the head  d r a i n s  s e p a r a t e l y  in most  i n s t a n c e s  by the 
a c c e s s o r y  p a n c r e a t i c  d u c t ,  which r u n s  h o r iz on ta l ly  and e i t h e r  
opens independent ly  into the duodenum, proximal  to the main d u c t ,  
o r  communica tes  with the main duct  (297,  298).
(ii) In the r abb i t  the  p a n c r e a s  is d if fuse  and l ie s  in the mesoduodenum 
which jo in s  the limbs of duodenal  loop and is of ten a s s o c i a t e d  with 
a good deal of f a t .  The  s ing le  p a n c r e a t i c  duct  opens  into the
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p o s t e r i o r  po r t ion  of the a sce nd ing  limb of duodenum and th i s  is 
well s e p a r a t e d  from the opening of the bi le  duct  (299).
(iii) In the guinea pig the p a n c r e a s  is  an e longa ted ,  p i n k - r e d ,  l o b u la r ,  
f l a t ,  V-shaped  gland lying t r a n s v e r s e l y  in the c r a n i a l  half  of the 
abdominal cav i ty  do rsa l  to the s to m a c h .  It is divided  into c r a n i a l
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and caudal  lobes which join at the p a n c r e a t i c  body.  The  p a n c r e a t i c  
s e c r e t i o n s  d r a i n  into a s e r i e s  of du c t s  ul t imately ending in the 
sh o r t  and n a r r o w  p a n c r e a t i c  d u c t ,  which empt ies  into the a scend ing  
pos i t ion  of the  duodenum about  7 cm d is ta l  to the duodenal pap i l a  
of the common b i le  d u c t .  T h e r e  is  no a c c e s s o r y  p a n c r e a t i c  duct  
in guinea p igs  (300).
(iv) In the r a t ,  mouse and h a m s t e r  the p a n c r e a t i c  gland is r a t h e r
diffuse in n a t u r e .  It can  be s e e n  most  c l e a r l y  if the omentum and 
s tomach a r e  d i s p l a c e d .  T he  gland ex tends  o v e r  a l a r g e  a r e a ,  
f rom the end of the  duodenal  fold to the left into the g a s t r o - s p l e n i c  
omentum, w h e r e  it r a m i f i e s .  The  ch ie f  p a r t  of the duodenal  p a n c r e a s  
fo l lows the c u r v e  of thé gu t ,  but r am i f i es  in i ts  wide m e s e n t e r y .
In g e n e r a l ,  p a n c r e a t i c  t i s s u e  is  found in the m e s e n t e r i e s  and 
l igaments  of the duodenum, co lo n ,  s p le e n  and s tom ach .  P a n c r e a t i c  
duc ts  in t h e s e  s p e c i e s  a r e  num erous  and empty d i r e c t l y  into the 
common bi le  duc t .  The  number  of d u c t s  in the r a t  a r e  2 l a rg e  and
8 - 1 5  small (301, 302 ,  303 ,  304) .
The blood supply of the p a n c r e a s  is  v e r y  r i c h ,  p a r t i c u l a r l y  to the i s le t
t i s s u e .  The  l a r g e r  v e s s e l s  run  in the i n t e r lo b u l a r  connec t ive  t i s s u e .  Each
acini  is s u r r o u n d e d  by a c a p i l l a r y  ne tw ork  ou ts ide  the ba sa l  lamina ,  and 
the is l e t  c a p i l l a r y  a r e  l a rge  and s inusoida l  (297).  Ve ins  accompany  the 
a r t e r i e s  throughout  the p a n c r e a s  and lead the blood, e i t h e r  d i r e c t l y  o r  
i n d i r e c t ly ,  through the sp len ic  vein  into the p o r ta l  vein (297,  298 ,  303) .
The  d i s t r ibu t ion  of lymph v e s s e l s  within the o rgan  h a s  not been  worked  
out in d e ta i l .  Lymph from the p a n c r e a s  d r a i n s  into the uppe r  g r o u p s  of p r e -  
a o r t i c  lymp nodes accompanying the sp len ic  a r t e r y .
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The p a n c r e a t i c  n e r v e s  o r ig in a te  in the c e l i a c  and s u p e r i o r  m e s e n t e r i c  
p l ex u s e s  and con tain at  leas t  t h r e e  types  of f i b r e s :  myel ina ted p a r a ­
sympathet i c  f i b r e s  f rom vagal  t r u n k s ,  non myel ina ted sympathe t i c  f i b r e s  
f rom the g r e a t e r  and middle  sp len ic  n e r v e s ,  and v i s c e r a l  f i b r e s  ( p a r t i c u l a r ly  
f i b r e s  mediat ing pa in  due to d is tent ion)  that  a r i s e  within the p a n c r e a s .
T h e s e  last  f i b r e s  follow the sp lanchn ic  n e r v e s  to the spina l  c o r d .  In 
add i t ion ,  many non myel inated  f i b r e s  supply the blood v e s s e l  w a l l s .  Some 
of t h e s e  f i b r e s  e n t e r  the i s le t  t i s s u e  (297, 193).
B .  Microscopic  Anatomy of P a n c r e a s
(i) E x o c r in e  p a n c r e a s :
The  ex o c r in e  p a n c r e a s  is  a compound a c i n a r  gland which is 
subdivided into a n g u la r  lobes and lobules  by loose  c onnec t ive  
t i s s u e  s e p t a ,  th rough which run blood v e s s e l s ,  n e r v e s ,  lymphat ic  
and e x c r e t o r y  d u c t s .  In some an im a ls ,  l ike the  c a t ,  t h e s e  lobules  
a r e  well de f ined ,  w h e r e a s  in the human p a n c r e a s ,  b e c a u s e  of 
incomplete  c onnec t ive  t i s s u e  s e p t a ,  they a r e  not we 11 d i s t i n g u i s h e d . 
The main e x c r e t o r y  duct  ex tends  to a lmost  the e n t e r i c  length of 
the p a n c r e a s  with l a te ra l  b r a n c h e s  into each  lobule (297,  305) .
The acini  that  p r o d u c e  the e x o c r in e  s e c r e t o r y  p ro d u c t  v a r y  from 
rounded s t r u c t u r e s  to s h o r t  tu b u le s .  They  c o n s i s t  of a s in g l e  
row of pyramidal  epi the l ia l  c e l l s  c o nve rg ing  to w a rd  a c e n t r a l  
lumen and r e s t i n g  upon a bapal  lamina sup p o r t e d  by de d ic a te d  
r e t i c u l a r  f i b r e s .
The s i z e  of the lumen v a r i e s  with the funct ional  condi t ion of the 
o r g a n .  Between  the a c i n a r  c e l l s  a r e  f ine s e c r e t o r y  c a p i l l a r i e s  
connected  with the c e n t r a l  lumen. T h e r e  is  no obv ious commitment
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of di ff e ren t  c e i l s  to d i ff e ren t  enzymes  and it i s  a s sum ed  that  all the 
a c i n a r  c e l l s  s y n th e s i z e  all the enzymes  c h a r a c t e r i s t i c  of e x o c r in e  
p a n c r e a s ,  a m y la s e ,  l ip a s e ,  r ibonuclease, t r y p s in o g e n ,  chymo-  
t ry p s in o g en ,  p r o c a r b o x y - p e p t i d a s e  A and B ,  t ry p s i n  inh ib i to r  and 
p r o e l a s t a s e .  Within any one a c i n a r  ceil  the d i f fe ren t  enzymes  can  
be found to be c o n c e n t r a t e d  in c e r t a i n  a r e a s ,  r i b b n u c l e a s e  with t h e  
golgi a p p a r a t u s ,  the t r y p s in o g e n s  with rough  endoplasmic re t i cu lum 
and most of the o t h e r s  with the zymogen g r a n u l e s .  The  f r e e  s u r f a c e s  
of the a c i n a r  c e l l s  u sua l ly  b e a r  a few s h o r t ,  i r r e g u l a r l y  o r i e n t e d  
m ic rov i l l i .  The  apica l  cytoplasm is  c row de d  with zymogen g r a n u l e s  
and some a r e  found in the p r o c e s s  of d i s c h a r g in g  t h e i r  c o n te n t s  into 
the lumen of the a c i n u s .  In the middle of the  ac inus  a l s o  a few sp ind le  
shaped  c e l l s  can of ten be made ou t .  T h e s e  a r e  the con t inua t ion  of the 
c e l l s  of the long i n t e r c a l a r y  duc ts  and a r e  known a s  c e n t r o - a c i n a r  c e l l s .  
In c e l l s  that  a r e  v e r y  ac t ive ly  s e c r e t i n g ,  h o w e v e r ,  a zymogen d rop le t  
whose mem brane  h a s  become con t inuous  with the p lasm a  m em brane  may 
be joined in s im i l a r  fash ion  by a s e c o n d ,  and th is  one in t u r n  by a t h i r d ,  
in this  way a s e r i e s  of in te r conne c te d  zymogen d r o p l e t s  may come to 
extend f o r  some d i s t a n c e  dow nw a rds  into the apical  cy toplasm (297, 
3 0 6 , 3 0 7 ) .
The p a n c r e a t i c  ju ice  co l l ec ted  from the duc t  is  i sotonic  with p lasm a  
but much m ore  a lka l ine  pH = 7.^4 -  8 . 0 .  The  inac t ive  enzyme p r e c u r s o r  
t ryps inogen  i s  c o n v e r t e d  to the ac t ive  t r y p s i n  by the enzyme e n t e r o k i n a s e ,  
which is l ib ra ted  from ce l l s  of the duodenal  m ucosa .  T r y p s i n  a l s o  a c t s  
on the p r e c u r s o r  chymotrypsinogen  to form the  ac t ive  c h y m o t r y p s in .
In the patho logical  condi t ion acu te  p a n c r e a t i t i s ,  the  inac t iv e  p r o e n z y m e s
144
may be  c o n v e r t e d  into a c t i v e  enzymes  that d e s t r o y  the  p a n c r e a s  
i tself  (297, 298) .
The s e c r e t i o n  of the p a n c r e a t i c  ju ice  is  co n t ro l le d  by both ne rv o u s  
and hormonal  mechan ism s  (298).
(ii) I s l e t s  of Lange rhans :
T h e s e  g r oups  of c e l l s  a r e  m arked  off f rom the a lv e o l a r  p o r t ion  by a 
thin r e t i c u l a r  m em brane  and have  an ex t rem e ly  r i c h  blood supp ly .
In s e c t io n s  s t a in e d  with haematoxyl in  and eos in  the c e l l s  a r e  p a le  and 
a p p e a r  a lmost  syncy t i a l  and devoid of g r a n u l e s .  On the b a s i s  of well 
e s t a b l i s h e d  t in c to r i a l  and s i l v e r  impregnat ion  m ethods ,  t h r e e  d i f fe ren t  
t ypes  of Isle t  c e l l s ,  a lpha (A o r  A^ ce l l  of H e l l e r s t r o m  and Hei lman,  44) ,  
be ta  (B cel l )  and d e l t a  (D o r  A^ ce l l  of H e l l e r s t r o m  and Hei lm an ,  44) ,  
have  been  d e s c r i b e d  in the p a n c r e a t i c  i s l e t s  of the r a t  and man a s  well 
a s  o th e r  s p e c i e s  (7,  42) .  It is well e s t a b l i s h e d  that  insu l in  and 
glucagon a r e  the p r o d u c t s  of the be ta  and A^ c e l l ,  r e s p e c t i v e l y .
H ow e ver ,  the funct ion  of the A^ (D) cel l  h a s  been  c o n t r o v e r s i a l  s inc e  
i ts  initial  d e s c r i p t i o n  by Bloom in 1931 (133) .  The  immunofluo rescent  
loca l iza t ion of g a s t r i n  in the  p a n c r e a t i c  A^ (D) c e l l s  of man (134, 135), 
t oge the r  with the iden t i f ica t ion of g a s t r i n  in non b e ta  ce l l  t um ors  of the 
Z o l l i n g e r - E l l i s o n  v a r i e ty  (308) led to  the be l i e f  that  g a s t r i n  is the 
funct ional  p r oduc t  of (D) c e l l s  in the normal  human p a n c r e a s  (309).  
H ow ever ,  a number of i n v e s t i g a t o r s  us ing  immunologic t ec h n iq u es  
have not been  ab le  to confirm the loca l iza t ion  of g a s t r i n  in the 
p a n c re a t i c  i s l e t s  of the r a t  and man (310) and o t h e r s  have  been  unable  
to de tec t  g a s t r i n  in p a n c r e a t i c  e x t r a c t s  us ing  s t a n d a r d  rad io im m unoassay  
t echn iques  (311) .  Ev idence  of a non g a s t r i n  funct ion of A^ (D) c e l l s
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has  a p p e a r e d  with the immunochemical  loca l iza t ion  of som a tos ta t in  
in (D) c e l l s  of wide v a r i e ty  of mammalian s p e c i e s  (136,  312) and 
is f u r t h e r  sup p o r t e d  by immunofluorescent  o b s e r v a t io n s  combined 
with h i s t o c h e m i s t r y ,  which dem o n s t ra t ed  s o m a tos ta t in  in a rg y r o p h i l i c  
A^ (D) c e l l s  in the p a n c r e a t i c  i s l e t s  of the r a t  and man (313, 314) .
In add i t ion ,  the u l t r a s t r u c t u r a l  loca l iza t ion  of s o m a tos ta t in  in the 
r a t  p a n c r e a t i c  i s l e t  c e l l s  hav ing  the morpho logica l  c h a r a c t e r i s t i c s  of 
A^ (D) c e l l s  (139) would seem to e s t a b l i s h  f i rmly  that  som a tos ta t in  is 
a m ajor  cons t i tuen t  of A^ (D) c e l l s  in mammalian i s l e t s  
Di f fe ren t  immunocytochemical t ec hn iques  at  both the light m ic ro sc o p ic  
and u l t r a s t r u c t u r a l  level have  been  used  to ident i fy  the i s l e t  cel l  t ypes  
r e s p o n s i b l e  f o r  the p roduc t ion  of insu l in  ( 4 7 , 4 8 , 4 9 ) ,  glucagon  ( 9 6 ,2 ) ,  soma­
tos ta t in  ( 1 3 6 ,1 3 8 ,1 4 1 ) ,  g a s t r i n  (134 ,135)  and p a n c r e a t i c  po lypep t id e  (135) 
in a wide v a r i e ty  of s p e c i e s ,  including man.
The  p u r p o s e  of th is  s e c t io n  is to u se  improved immunocytochemical  
t echnique  to s tudy  the ident i f i ca t ion and d i s t r ib u t io n  of the i s l e t  c e l l s  
r e s p o n s ib le  fo r  the p roduc t ion  of t h e s e  ho rm ones  in the p a n c r e a s  of the 
r a t ,  m ouse ,  guinea p ig ,  rabb i t  and man.
3:2 M ate r ia l s  and Methods
A.  M ate r ia ls
(i) Animals:
The following an imals  w e r e  ob tained  from The  U n iv e r s i ty  of S u r r e y  
Animal Unit:
(a) 3 male  New Zea land  white r a b b i t s  aged  2 - 6  months .
(b) 3 male  Dunkin Har t l ey  white  guinea  p ig s  aged  6 m on ths .
(c) 6 Lean l i t t e r ,  mate  of ob /o b  mice ( light brown)  aged  2 - 8  m on th s .
(d) 12 Wista r  a lbino white r a t s  aged  1 -  10 m onths .
All animals  w e r e  given w a te r  and commerc ia l  d i e t s  ad l ib i t ium.
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F i g ,  3.1 Rat p a n c r e a s ,  
p .  p a n c r e a s  
sp le e ns .
d .  duodenum
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(ii) T i s s u e  sec t ion  p r e p a r a t i o n :
The an imals  w e r e  k i l l ed  by c e rv i c a l  d i s lo c a t io n  and p a n c r e a t i c  t i s s u e  
was taken  immediately and f ixed in 15% s a l in e  fo rm a l in .  T h r e e  types  
of p a n c r e a t i c  m a t e r i a l s  c o r r e s p o n d in g  approx im ate ly  to the he a d ,  
body and tail  r e g i o n s  of the r a t  w e r e  a l s o  d i s s e c t e d  s e p a r a t e l y  ( F ig .  3 . 1 ) .  
4 - 5  thick s e r i a l  t i s s u e  s e c t i o n s  w e r e  p r e p a r e d  a c c o r d in g  to con­
ventional  technique  from each  p a n c r e a t i c  t i s s u e  s pe c im en .
Human p a n c r e a t i c  s e c t i o n s  w e r e  obtained from S t .  Luke’s  H osp i ta l ,  
Gui ldfo rd ,  by kind p e r m i s s i o n  of P r o f e s s o r  N .M .  G i b b s .
B .  Methods
Immunoperoxidase  method (C ha p te r  2) was unde r taken  to s t a i n  s e c t i o n s  
f o r  insu l in ,  g lucagon ,  som a tos ta t in  and p a n c r e a t i c  po lypep t ide .
F o r  rou t ine  examinat ion  of p a n c r e a t i c  i s l e t s ,  haematoxyl in  and eos in  
s ta in ing  (C hap te r  2) was  p e r f o r m e d .
3:3 R e s u l t s
1. Rat  P a n c r e a s
In the r a t  p a n c r e a s  the be ta  c e l l s  occupy a c e n t r a l  pos i t ion  within the 
i s le t  and c o m p r i se  about  65 -  85% of the total i s l e t  cel l  volume ( F ig .  3 . 2 ) .
The  Ag c e l l s  r e a c t  pos i t ive ly  with a n t i s e r a  to glucagon and p e r i p h e r a l l y  
d i s t r ib u t e d  a ro und  a c e n t r a l  m as s  of be ta  c e l l s  ( F ig .  3 . 3 ,  3 . 4 ) .  A^ (D) c e l l s  
pos i t ive  f o r  som a tos ta t in  w e r e  somewhat  v a r i a b l e  in number  and w e r e  
d i s p e r s e d  in e i t h e r  an i n te rm e d ia te /pos i t ive  be tw een  A^ (glucagon) and 
be ta  c e l l s ,  o r  w e r e  oc c as iona l ly  a r r a n g e d  at  the p e r i p h e r y  of the i s l e t  
be tween  ad jacen t  A^ c e l l s  ( F ig .  3 . 4 ) .  A fou rth  popu lat ion  of Isle t
c e l l s  which s ta ined  pos i t ive ly  with a n t i s e r a  to bovine p a n c r e a t i c  po lypep t ide  
w e r e  a l s o  a r r a n g e d  at  the p e r i p h e r y  of the i s le t  (F ig .  3 . 5 ,  3 . 6 ) .
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F i g .  3 . 2  Rat p a n c r e a s .  I mmunoperox idase  s ta in in g  for  the de m ons t ra t ion  
of in su l in .  Insul in  containing c e l l s  occupy the c e n t r a l  po r t ion  
of the i s l e t . x 400.
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F i g .  3 . 3  Rat p a n c r e a s .  I mmunoperoxidase  s ta in in g  for  the dem o n s t ra t io n  
of glucagon conta in ing  c e l l s .  Glucagon s e c r e t i n g  c e l l s  a r e  
p e r ip h e ra l  loca ted ,  x 400 .
^ 9
(a) A sec t ion  s ta ined  fo r  glucagon
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(b) A sec t ion  s ta ined  fo r  so m a to s ta t i n .
F i g .  3 . 4  Rat  p a n c r e a s .  C onsecu t ive  s e r i a l  s e c t i o n s .  I m m unoperox idase  
s ta in in g  fo r  (a) g lucagon,  (b) so m a to s ta t i n ,  x 400 .
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F ig .  3 . 5  Rat  p a n c r e a s .  I m m u n o p e ro x id a s e . The P P  c e i l s  a f t e r  app l i ca t ion  
of anti bovine p a n c r e a t i c  po lypep t id e ,  x 400.
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(a) The  c e l l s  pos i t ive  fo r  anti glucagon s e r u m .
(b) The c e l l s  pos i t ive  fo r  anti bovine p a n c r e a t i c  po lypep t ide  se ru m
F ig .  3 . 6  Consecu t i ve  s e r i a l  s ec t i o n s  from the head  of ra t  p a n c r e a s  
(a) glucagon c e l l s ,  (b) P P  c e l l s ,  x 100.
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2 .  Mouse P a n c r e a s
The a r r a n g e m e n t  of d i f f e ren t  types  of i s le t  c e l l s  was  s im i l a r  to the 
r a t  (F ig .  3 . 7 ,  3 .  8 , 3 . 9 . ,  3 . 1 0 ) .
3 .  Guinea P ig  P a n c r e a s
Dis t r ibu t ion  of c e l l s  (glucagon p o s i t i v e  c e l l s )  and A.j (D,  som a tos ta t in  
pos i t ive  ce l l s )  was  d i f fe ren t  to the r a t .  The  A„ c e l l s  a r e  most ly  in c l u s t e r s .  
O ccas io na l ly  s ing le  c e l l s  w e r e  d i s t r i b u t e d  i r r e g u l a r l y  among b e ta  c e l l s  
(F ig .  3 . 1 3 ,  3 . 1 2 ,  3 . 1 3 ) .  A.j o r  D c e l l s  pos i t i v e  fo r
somatos ta t in  w e r e  s im i l a r  to A^ c e l l s  d i s t r i b u t e d  i r r e g u l a r l y  a d ja c e n t  to 
A^ c e l l s .  No c o n s i s t e n t  s ta in ing  fo r  p a n c r e a t i c  po lypept ide  was  ob tained  
in p a n c r e a t i c  i s le t  c e l l s  of the guinea pig us ing  rabb i t  anti  B . P . P .  a n t i s e r a .
4 .  Rabbi t  P a n c r e a s
The  be ta  c e l l s  of the r abb i t  i s l e t s  s t a in e d  pos i t ive ly  fo r  insu l in  occup ied  
a ce n t r a l  pos i t ion  within the i s l e t .  A^ c e l l s  w e r e  v a r i a b l e  in number  and 
d i s t r i b u t io n .  While most  of the is le t  had the p e r i p h e r a l  a r r a n g e m e n t  of A^ 
c e l l s ,  t h e r e  w e r e  some i s l e t s  that  showed d i s t r ib u t io n  of A^ c e l l s  among 
the be ta  c e l l s  (F ig .  3 . 1 4 ,  3 . 1 5 ) .  Like the guinea pig p a n c r e a s ,  no P P  
c e l l s  w e r e  o b s e rv e d  in the  i s l e t s .  The d i s t r ib u t io n  p a t t e r n  of A.j c e l l s  
was almost  the same a s  A^ c e l l s ,  a d jacen t  to each  o the r  ( F ig .  3 . 1 6 ) .  ' .
5 .  Human P a n c r e a s
The  be ta  c e l l s  of the  human i s l e t s  of La nge rha ns  s t a in e d  p o s i t i v e ly  
f o r  insul in  and w e r e  a r r a n g e d  in c l u s t e r s  which in the l a r g e r  i s l e t s  w e r e  
s e p a r a t e d  by v a s c u l a r  connec t iv e  t i s s u e  inves tments  that  subd iv ided  the 
i s l e t s  into lobu le s .  A^ c e l l s  r e a c t e d  pos i t i v e ly  with g lucagon  and w e r e  
located at the p e r i p h e r y  of be ta  cell  c l u s t e r s  ( F ig .  3 . 3 7 ,  3 . 1 8 ) .  A^ c e l l s  
s ta in ing  pos i t ive ly  fo r  som a tos ta t in  w e r e  s im i l a r  to A^ c e l l s  in that  they
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F i g .  3 . 7  Mouse p a n c r e a s . Immunoperoxidase  s ta in in g  fo r  in su l in .
Insu l in  containing  c e l l s  occupy the c e n t r a l  po r t ion  of the 
i s l e t . X 100.
•à .
F ig .  3 . 8  Mouse p a n c r e a s .  I mmunoperoxidase  s ta in in g  fo r  glucagon 
Glucagon c e l l s  a r e  located p e r i p h e r a l  l y . x 100.
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F i g .  3 . 9  Mouse p a n c r e a s .  I mmunoperox idase  s ta in ing  f o r  som a tos ta t in ,  
Som atos ta t in  s e c r e t i n g  cel is a r e  p e r i p h e r a l  loca ted ,  x 100.
F i g .  3 .1 0  Mouse p a n c r e a s .  I mmunoperoxidase  s ta in in g .  The c e l l s  p o s i t i v e  
for  bovine p a n c re a t i c  polypept ide  a r e  p e r i p h e r a l  loca ted .  x 100
(a) Insu l in  con ta in ing c e l l s  in d i f f e ren t  s i z e  i s l e t s ,  x 100
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(b) Insul in  contain ing  c e l l s .  Most of the i s l e t s  a r e  sm a l l ,  x 2 5
F i g . 3 .11 Guinea pig p a n c r e a s .  ! mmunoperoxidase  s ta in ing  fo r  de m o n s t ra t io n  
of insul in  c e l l s  (a) and (b).
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(a) D is t r ibu t ion  of c e l l s  pos i t ive  fo r  anti  glucagon s e r a  within 
the i s l e t s ,  x 100.
> î
(b) High magnif ica t ion.  I s l e t  s ta ined  fo r  g lucagon ,  x 400,
F i g .  3 .12  Guinea pig p a n c r e a s .  I mmunoperox idase  s ta in ing  fo r  glucagon (a) and (b)
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F ig .  3 .1 3  Guinea pig p a n c r e a s . I mmunoperoxidase  s ta in ing  fo r  som a tos ta t in ,  
Som ato s ta t in  c e l l s  a r e  d i s t r i b u t e d  within the i s l e t ,  x 400 .
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(a) Glucagon conta in ing cel Is a r e  p e r i p h e r a l !  y l o c a t e d ,  x 400
M
(b) Glucagon conta in ing  c e l l s  a r e  d i s t r ib u t e d  within i s l e t .
F i g .  3 .14  Rabbit  p a n c r e a s .  I mmunoperoxidase  s ta in ing  fo r  glucagon (a) 
and (b).  x 400.
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F i g .  3 . 1 5  Rabbi t  p a n c r e a s .  Spec if ic  s ta in ing  for  insu l in ,  x 400
F i g .  3 .1 6  Rabbi t  p a n c r e a s .  Spec if ic  s ta in ing  for  s o m a tos ta t in ,  x 400.
«ci
(a) Low magnif icat ion . Di f fe ren t  s i z e  i s l e t s  with c o r d - l i k e  
c l u s t e r s  of be ta  c e l l s ,  x 100.
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(b) High magni f ica t ion.  Note c e n t r a l l y  located v a s c u l a r  c onnec t ive  
t i s s u e  septa .X400
F i g .  3 .17  Human p a n c r e a s . Spec if ic  s ta in in g  for  insu l in .  S e c t i o n s  incubated  
with guinea pig anti  insul in  s e r a  (a) and (b).
(a) x 4 0 0
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(b) A l a rge  number of glucagon c e l l s  within the i s l e t ,  x 400,
F i g .  3 .1 8  Human p a n c r e a s . Spec if ic  s ta in ing  for  g lucagon .  Glucagon c e l l s  
a r e  d i s t r ib u t e d  within the i s l e t s  (a) and (b).
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F i g .  3 .1 9 Human p a n c r e a s .  Immunoperoxidase  s ta in ing  fo r  somatos ta t in  
The p a t t e r n  of d i s t r ib u t io n  of somatos ta t in  conta in ing c e l l s  is 
s im i la r  to glucagon c e l l s ,  x 400 .
F i g .  3 . 2 0  Human p a n c r e a s .  I mmunoperoxidase  s ta in in g  for  p a n c r e a t i c  po lypep t id e  
The se c t io n s  incubated with rabbi t  anti bovine p a n c r e a t i c  po lypep t ide .
X 400.
w e r e  a l s o  loca ted  p e r i p h e r a l l y  to c e n t r a l  c lu s te rs  of be ta  c e l l s  ( F ig .  3..19). 
C e l l s  p os i t ive  fo r  bovine p a n c r e a t i c  polypep t ide  w e re  encoun te red  
infrequent ly  in human i s l e t s  and then only o c c u r r e d  e i t h e r  s ingly o r  in 
g roups  of t h r e e  o r  four  ( F ig .  3 . 2 0 ) .
3:4 D i s c u ss io n
Immunocytochemical  s tu d i e s  of d i f f e ren t  s p e c i e s ,  the r a t ,  m ouse ,  gu inea 
p ig ,  r abbi t  and man ,  in th is  in v e s t ig a t io n , r e v e a l e d  that  is l e t  c e l l s  in any given 
animal have  a p r e c i s e  to pograph ica l  d i s t r ib u t io n  within the i s l e t .
In the r a t  and m ouse ,  the i s le t  of Lange rhans  was  composed  of a c e n t r a l  
c o r e  of be ta  c e l l s  ( insul in)  which in tu rn  was  s u r r o u n d e d  by a rim of Ag c e l l s  
(glucagon) ,  A.j c e l l s  ( somatostat in)  and p a n c r e a t i c  polypep t ide  c e l l s .  H o w e v e r ,  
a va r i a t i o n  in th i s  p a t t e r n  was o b s e r v e d ,  e s p e c i a l l y  in small i s l e t s .
In the guinea p ig ,  A.j and A^ c e l l s  w e r e  d i s p e r s e d  th rough the e n t i r e  i s l e t  
and w e r e  g rouped  m ore  o r  l e s s  in small m a s s e s  among the be ta  c e l l s .  No P P  
c e l l s  w e r e  o b s e r v e d  in the guinea pig i s l e t .
In the r a b b i t ,  the  p a t t e r n  of d i s t r ib u t io n  of i s l e t  c e l l s  was  d i f f e re n t  a g a in .  
Although most  of the i s l e t s  showed the p e r i p h e r a l  r im of A^ and A.j c e l l s ,  t h e r e  
w e r e  a l s o  some i s l e t s  which showed t h e s e  two c e l l s  d i s t r i b u t e d  th rough the 
e n t i r e  i s l e t . '  ‘ '
In the human i s le t  of L a n g e rh a n s ,  the be ta  c e l l s  (insul in)  a r e  a r r a n g e d  in 
c o r d - l i k e  c l u s t e r s ,  due to invag ina t ions  of the is le t  p e r i p h e r y  p r o d u c e d  by 
v a s c u l a r  connec t iv e  t i s s u e  s e p t a ,  which of ten gave  the i s le t  a m u l t i l obu la r  
a p p e a r a n c e  in h i s to log ic  s e c t i o n .  The  A^ c e l l s ,  A.j c e l l s  and occas iona l  human 
p a n c r e a t i c  po lypep t ide  c e l l s  w e re  usua l ly  d i s t r i b u t e d  a ro und  the p e r i p h e r y  of 
the be ta  c e l l s  in the l a r g e r  i s l e t s .
I D‘t
In the r a t ,  examinat ion of d i f f e ren t  p o r t i o n s  of p a n c r e a t i c  m ate r i a l  
c o r r e s p o n d in g  approx im ate ly  to the h e a d ,  body and tai l  r e g io n s  d e m ons t ra ted  
that  d i s t r ib u t io n  of i s l e t s  was  m ore  abundant  in the tai l  and head  than in the body.
T h e s e  s tu d i e s  a l s o  indica ted  that  the i s l e t s  in the head  of the p a n c r e a s  w e r e  most  
abundant  in P P  c e l l s  r a t h e r  than  g lucagon .  The  a b s e n c e  of g lucagon c e l l s  in 
some small  i s l e t s  was  confi rmed in double  s ta in in g  of s e c t i o n s  f o r  insu l in  and 
g lucagon .  I s l e t s  f rom body and tail  d i sp layed  the f am i l i a r  rim of  g lucagon -  
conta in ing c e l l s  and p o s s e s s e d  v e r y  few o r  no P P  conta in ing  c e l l s .  Th i s  i n v e r s e  
r e l a t i o n s h ip  conf irmed the o b s e rv a t io n  of Orc i  et_. a_[. (315),  who r e p o r t e d  two 
d i s t inc t  c e l l u l a r  con tent  and topograph ica l  d i s t r ib u t io n o f  i s l e t s  in r a t  p a n c r e a s .
In th is  con text  it i s i n t e r e s t i n g  to note  that  the c an ine  un ica te  p r o c e s s  is  v i r t u a l ly  
devoid of glucagon con ta in ing c e l l s  (316) and is p a r t i c u l a r l y  r i c h  in P P  c e l l s  (315).  
Such  a p r e f e r e n t i a l  locat ion of P P  c e l l s  in the head  of the p a n c r e a s  h a s  a l s o  been  
found in the mouse  (315) and in the human foetal  p a n c r e a s  (317).
Immunocytochemical  examinat ion of the  i s l e t s  of L ange rhans  in d i f f e ren t  
s p e c i e s ,  including man ,  indica ted the spec ia l  f e a t u r e  of cel l  d i s t r ib u t io n  within 
the i s l e t .  I nsul  i n -p roduc ing  c e l l s  (be ta ) ,  g I ucagorv-p reduc ing  c e l l s  (A^) , s o m a t o s t a t i n -  
p roducing  c e l l s  (A^) w e r e  not a r r a n g e d  at random within the i s l e t .  Whenever  A^ 
c e l l s  w e r e  found in the i s le t  they w e r e  accom panie s  by A^ c e l l s .  H o w e v e r ,  most 
be ta  c e l l s  which occupy a c e n t r a l  pos i t ion  w e r e  only in con tac t  with o t h e r  B c e l l s .
The s ign i f icance  of th i s  a r r a n g e m e n t  in d i f fe ren t  normal  and pa tholog ica l  s t a t e s  
w as  mentioned e a r l i e r  (C h a p te r  1). ^
P P  c e l l s  w e r e  r e p o r t e d  in the p a n c r e a s  of the r abb i t  and guinea pig (153) .
In the r abb i t  they o c c u r r e d  e i t h e r  s c a t t e r e d  in the e x o c r i n e  p a renchym a  o r  
p e r i p h e r a l l y  in the i s l e t s .  In the guinea pig P P  c e l l s  a r e  numerous  in i s l e t s  a s  
in e x o c r in e  p a re n c h y m a .  The  a b s e n c e  of P P  c e l l s  in the p a n c r e a s  of the r abb i t  
and the guinea  pig in th is  inves t iga t ion  could be  due to the a n t i s e r a  u s e d .  T h e r e  
was no o th e r  a n t i s e r a  with high t i t e r  a v a i l a b l e .
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CH APTER 4
ARE G A ST R IN  AND G I P  (G A S T R IC  INHIBITO RY P O L Y P E P T ID E )  
P R E S E N T  IN MAMMALIAN P A N C R E A T IC  I S L E T S  ? ?
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4:1 I n t roduc t ion
The  p r e s e n c e  of in su l in ,  g lucagon,  som a tos ta t in  (o r  so m a to s ta t i n - l i k e  
s u b s ta n c e s )  and p a n c r e a t i c  po lypep t ide  within i s le t  c e l l s  of d i ff e ren t  s p e c i e s  
is beyond doub t ,  but  the e x i s t e n c e  of g a s t r i n  and G I P  within (D) and A^ (A) 
c e l l s  of p a n c r e a t i c  i s le t  is  c o n t r o v e r s i a l .
A.  G a s t r i n
G a s t r i n  h a s  been  dem o n s t ra t ed  in the g a s t r i c  mucosa of d i f f e ren t  
s p e c i e s ,  including man ,  by v a r i o u s  immunological  t echn iques  ( 3 1 0 ,3 1 8 ,  
31 9 ,320 ) .  G a s t r i n  is known to be r e l e a s e d  and s t im u la te s  ac id s e c r e t i o n  
in r e s p o n s e  to the inges t ion of p ro te in  n u t r i e n t s .  Phys io log ica l  s t u d i e s  
have a l s o  shown that  g a s t r i n  may p lay  a r o l e  in po ten t ia t ion  of amino a c i d -  
s t im ula ted  insu l in  r e l e a s e  (171) .
Accord ing  to L o t s t r a  eU aj_. (310),  the main a rgum en ts  in f avour  of 
g a s t r i n  be ing  p r e s e n t  within A^ (o r  D) c e l l s  were :
1. Exh ib i t ion  of the same  m orpho log ica l ,  t in c to r ia l  and cy tochemica l  
c h a r a c t e r i s t i c s  a s  the  A^ (or  D) c e l l s  of p a n c r e a t i c  i s l e t s  a s
the g a s t r i n  p roduc ing  G c e l l s  of the a n t r a l  mucosa in u l c e r o g e n i c  
tumours  of Z o l l i n g e r - E l l i s o n  syndrom e (321 ,322) .
2 .  With e l e c t r o n  m i c r o s c o p e ,  c e l l s  con ta ining  g r a n u l e s  of a type 
s im i la r  to the G c e l l s  of an t ra l  m ucosa  have been  d e s c r i b e d  in 
human i s l e t s  of L a n g e rh a n s .
3.  S e v e r a l  a u th o r s  have  been  ab le  to loca l ize  g a s t r i n  in the A^ (o r  D) 
c e l l s  of p a n c r e a t i c  is le t  with immunofluorescent  methods  o r  to 
d e tec t  g a s t r i n  in e x t r a c t s  of p a n c r e a t i c  t i s s u e  with r a d io im m u n o a s s a y .
H ow e ver ,  none of t h e s e  a rg um en ts  h a s  r em ained  und ispu ted .  The  
d i s c o v e r y  of somatos ta t in  a s  a m ajo r  cons t i tu en t  of A^ (D) c e l l s  h a s  been  
f i rmly  e s t a b l i s h e d  and many in v e s t ig a to r s  denied the p r e s e n c e  of g a s t r i n  
within A^ c e l l s  (136 ,310) .
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In sp i t e  of t h e s e  c o n t r a d i c t o r y  op in ions ,  E r l a n d s e n  e^. al_. (2) 
r e c e n t ly  showed the p r e s e n c e  of both ho rm ones  g a s t r i n  and somatos ta t in  
within the same  cel l  in man,  but they fai led to d e m o n s t ra t e  g a s t r i n  in
A c e l l s  of the r a t .
B .  G I P
" G a s t r i c  inhib i to ry  po lypep t ide"  o r  g lucose  dependant  insul in  
r e l e a s i n g  pep t ide  , a hormone  with m o le c u la r  weight  of approx im ate ly
5100,  con ta ins  43 amino ac id  r e s i d u e s  (323),  was  f i r s t  e x t r a c t e d  from 
p o r c i n e  small  in test ina l  mucosa  (324).  Laterly, l a r g e r  fo rm s  of G I P  have  
a l s o  been  d e s c r i b e d  (325).  In the dog ,  immunoassable  G I P  is loca ted  in 
the small in t e s t i n e ,  with a h i g h e r  c o n c e n t r a t io n  in the proximal  small  bowel 
(326) .  I mmunocytochemical  ly it was  d e m o n s t ra t ed  in the duodenum and the 
jejunum of can in e  and human mucosa  (327).  More r ec e n t ly  the loca l iza t ion  
of G I P  in the s tomach and colon h a s  a l s o  been  r e p o r t e d  (328).
G I P  in i t ia l ly  was c h a r a c t e r i z e d  a s  an inhib i to r  a f t e r  g a s t r i c  a c i d  s e c r e t i o n  
s t im ula ted by g a s t r i n  and hi s tamin  (329) ,  but  i ts  in su l ino trop ic  and g lu ca g o n o -  
t rop ic  ac t ion both in vivo and in v i t r o  ( 3 3 0 ,3 3 1 , 3 3 2 ) a r o u s e d  m ore  i n t e r e s t .
I ts  insul ino tropic  a c t ion ,  e s p e c i a l l y  in the p r e s e n c e  of h y p e r g l y c a e m i a , is 
c u r r e n t l y  thought  to be i t s  most important  biological  p r o p e r t y  and the  one 
most  l ikely to be  phys io log ica l ly  r e l e van t  (333) .  S in c e  it h a s  been  su g g e s t e d  
that  G I P  is  a m ajor  component  of i n t e r o i n s u l a r  a x i s  (332),  an immunocyto-  
chemical  s tudy  was und e r ta k en  to find out the i n te r ac t ion  of G I P  hormone  
with r e c e p t o r s  on the p lasm a  membrane  of i s l e t  c e l l s .
Dur ing  the p r im a ry  inves t iga t ion  it was found that  p a n c r e a t i c  A^ c e l l s  
con ta ined  endogenous G I P - l i k e  immunoreact ive  s u b s t a n c e s ,  and t h e i r  
s ta in ing  s i t e s  a r e  ident ical  to those  of A^ c e l l s  in di ff e ren t  s p e c i e s .
1 6 8
V a r io u s  p a r t s  of gut f rom d i f fe ren t  s p e c i e s  w e r e  a l s o  s ta ined  fo r  G I P  
and glucagon to find w he the r  t h e r e  a r e  any c e l l s  that  show s im i la r i ty  to 
p a n c r e a t i c  c e l l s .
4:2 M a te r ia l s  and Methods
A.  M a te r ia l s
(i) A n t i s e r a :
Anti G I P  and anti g a s t r i n  s e r a  r a i s e d  in r a b b i t s  w e r e  used  in 
d i f fe ren t  di lut ion of 1:20 -  1:320.  All o th e r  p r im a ry  and s e c o n d a r y  
a n t i s e r a  w e r e  used  in optimal di lut ion a s  d e s c r i b e d  e a r l i e r  ( C h a p t e r  2 ) ,
(ii) Animals:
Animals  of d i f f e ren t  a g e s  w e r e  used  in th is  i n ves t iga t ion : -  
12 a lbino  Wistar  r a t s ,  2 gu inea  p i g s ,  2 r a b b i t s ,  4 m ice ,  8 golden 
h a m s t e r s  and 2 f e r r e t s .
B .  Methods
(i) T i s s u e  p r e p a r a t i o n :
The  f e r r e t s  and guinea  p igs  w e r e  ki l l ed  by o v e rd o s e  of pen to ­
b a rb i to n e  (Nembutal) and the o th e r  an imals  by c e rv i c a l  d i s l o c a t i o n .
In o r d e r  to de te rm in e  the d i s t r ib u t io n  of G I P  c e l l s  in the r a t ,  v a r i o u s  
p a r t s  of g a s t r o in t e s t i n a l  t r a c t  w e r e  examined a s  d e s c r i b e d  be low .  
Di f fe ren t  p a r t s  of the s tomach including a n t ru m ,  7cm of prox imal  
duodenum, followed by the a d jacen t  6cm of the uppe r  je junum. The  
a l t e r n a t e  4 cm lengths  w e re  tqken from the jejunum a s  f a r  a s  the 
proximal  co lo n .  The  p a n c r e a s  t o g e th e r  with the s pec im ens  from the 
d i f fe ren t  l eve ls  of the gut w e r e  c o l l ec ted  from all a n im a ls .  Gut 
spec im ens  w e r e  washed with cold P B S  p r e v i o u s  to f ixa t ion .  P a n c r e a t i c  
and gut t i s s u e  spec im ens  w e re  f ixed in 15% formol  s a l in  and B o u in ' s
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f luid r e s p e c t i v e l y ,  d e h y d ra t e d  and embedded in pa ra f f in  wax; s e r i a l  
t i s s u e  s e c t i o n s  w e r e  cut at  4 um. Some of the p a n c r e a t i c  t i s s u e s  of 
the r a t  w e r e  a l s o  f ixed in ac id alcohol  (95% ethanol  and 5% a ce t ic  
ac id  o r  1% Hcl) fo r  p e r i o d s  of t ime of 4 -  24 h r  at cold room o r  room 
t e m p e r a t u r e .  The  t i s s u e  s e c t i o n s  w e r e  p r e p a r e d  a c c o r d in g  to 
convent ional  t echn ique .
Human p a n c r e a t i c  and duodenum s e c t i o n s  w e r e  obta ined  from 
S t .  Luke 's  Hospi ta l  by kind p e r m i s s i o n  of D r .  N .M .  G i b b s .
(ii) I mmunocytochemical s ta in ing:
The  immunocytochemical loca l iza t ion  of s ing le  an t igen  (hormone) 
was  accompli shed  by us ing  the i nd i rec t  immunoperoxidase method.  
P a n c r e a t i c  s e c t i o n s  of p a n c r e a s  w e r e  s ta ined  fo r  in su l in ,  g lucagon ,  
so m a to s ta t i n ,  G I P  and g a s t r i n ,  and s e c t i o n s  of the gut fo r  G I P  and • 
g lucagon .  Some of the gut t i s s u e  was  a l so  s ta ined  f o r  g a s t r i n .
T h r e e  d i f fe ren t  types  of con tro l  w e r e  used  to ident ify  the s pec i f ic  
immunocytochemical s ta in in g .  Two f i r s t  c o n t r o l s  w e r e  a s  d e s c r i b e d  
b e fo r e  (in c h a p te r  2) and a th i rd  one was  modif ied f o r  G I P .  Anti G I P  
(init ia l  di lut ion 1:20) was  a b s o rb e d  with d i f fe ren t  p u r i f ie d  ho rm ones  
a s  fo l l o w s : -
8ug/ml of p o r c i n e  G I P ;  10, 20 ,  40 and 80ug/ml of p o r c i n e  
glucagon;  20 ,  40mg/ml of somatos ta t in ;  20ug/ml of bovine  
p a n c r e a t i c  polypep t ide  (Ç PP) ;  lOug/ml of v a s o a c t iv e  in te s t ina l  p o l y ­
pep t ide  (VIP);  and 20ug/ml of s e c r e t i n  in the way d e s c r i b e d  
e a r l i e r  in c h a p te r  2 .
Sequen t i a l  and double  s ta in in g  methods  w e re  a l s o  c a r r i e d  out 
fo r  glucagon and G I P  on the same s e c t i o n .
4:3 Resul ts
A. C a s t r o  in tes t ina l  t i s s u e
(i) G I P :
Immunocytochemical  s ta in ing  of the gut t i s s u e  spec im ens  showed 
the p r e s e n c e  of these  c e l l s  in the duodenum and jejunum of all s p e c i e s  
examined ,  including the human duodenum. They w e r e  p r e s e n t  at 
d i f f e ren t  leve ls  in m ucosa .  G e n e r a l ly ,  f ixat ion with B ou in ' s  fluid 
was  found s u p e r i o r  to o t h e r  f ixat ions ( as  d e s c r i b e d  e a r l i e r  in 
c h a p t e r  2) in p r e s e r v i n g  the G I P  immunoreac t iv i ty  in the g a s t r o ­
in tes t ina l  t r a c t .
In the r a t ,  G I P  c e l l s  w e re  found predominan t ly  loca l ized  in the 
duodenum and the uppe r  p a r t  of je junum, and to a l e s s e r  exten t  in 
the lower jejunum and i leum. No G I P  c e l l s  w e r e  o b s e rv e d  in the 
s tomach o r  colon ( F ig .  4 . 1 ,  4 . 2 ) .
(ii) GLI (Glucagon- l ike  immunoreact ive) :
Antig lucagon  s e r a  was  not s u c c e s s fu l  in de m ons t ra t ing  glucagon 
s ta in in g  c e l l s  in the gut in any of the sp e c i e s ,  and changing  d i f f e re n t  
f a c t o r s  in the p r e p a r a t i o n  of the t i s s u e  o r  s ta in ing  p r o c e d u r e  did not 
h e lp .
B .  P a n c r e a t i c  i s l e t s
(i) G a s t r in :
Anti g a s t r i n  s e r a  s ta ined  the g a s t r i c  mucosa in the r ab b i t  and the
i
r a t ,  but no pos i t ive  c e l l s  w e r e  o b s e r v e d  in the  p a n c r e a t i c  t i s s u e  
s e c t io n s  of any of the s p e c i e s  examined .
(ii) G I P :
S e c t i o n s  of p a n c r e a t i c  t i s s u e  from all the s p e c i e s  excep t  the 
human showed many pos i t ive ly  s ta ined  c e l l s  with anti  G I P ,  ident ica l
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Fig’,4*lA Low m agnification . Diodennm of* ra t, Immimoperoxidase 
sta in in g  method demonstrates GIP c e l l s .  xlOO
P ig .4 .IB Higher m agnification o f same sec tio n  shows p o sitio n  o f  
s in g le  GIP c e l l .  x400
4^
Fig. 4# 2A Low m agnificat ion . Duodenum o f human, Immunoperoxidase
s ta in ing  me tliod demons trates GIP c e l l s ,  xlCO
. r
U y.'
, j'*
- V  AH
Fig,4.2B  Higher m agnification o f same sec tio n , x400
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A, S p ec ific  sta in in g  for glucagon. Note peripherally  located  
glucagon secretin g  c e l l s .
)
I
B, S p ec ific  s ta in in g  for GIPl Note the ex ce llen t correlation  
between c e l ls  sta ined  for glucagon and for  GIP,
F ig ,4 .3  Adjacent section s o f the same i s l e t  from rat pancreas 
showing the sp e c if ic  s ta in in g  for  glucagon and GIP, 
Formalin fix a tio n  (A and B), xlOO
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F ig .4 .4  Adjacent sec tio n  sta in ed  for som atostatin . No correlation
between these c e l l s  and the c e l ls  sta in ed  for  immunoreactive 
glucagon or GIP,
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m
A, Section  incubated with rabbit anti GIP sera containing  
40ug/ml o f GIP. xlOO
r
A
à
/
B, Section incubated with rabbit anti GIP sera containing  
40ug/ml o f  porcine glucagon. xlOO
F ig ,4 .6  Rat pancreas. Absorption control for s p e c if ic  sta in in g  
o f glucagon in  A, A^  c e l l s  (A and B),
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C i
A, S p ec ific  sta ird n g  for GIP in  A ( a^) c e l ls  wiiich are arrange!
at the peripheral o f the i s l e t ,  'Substrate4-GL-l-riaphthdl/H^2
$
B, S p ec ific  s ta in in g  for  glucagon in  A (A„) c e l ls  o f  the same 
i s l e t .  Subs tr a te DAB/H^ Og
F ig ,4 ,5  Rat pancreas. Sequential s ta in in g  o f  sec tio n  for  GIP 
( a) arid glucagon ( b) ,  xlOO
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to th o se  r e a c t in g  with anti  g lucagon .  No c o r r e s p o n d e n c e  was  found 
be tw een  G I P  pos i t ive  is le t  c e l l s  and those  s ta in ing  with anti  
som a tos ta t in  o r  anti  P P  ( F ig .  4 . 3 ,  4 . 4 ) .
Sequen t i a l  s ta in ing  of p a n c r e a t i c  sec t ion  confi rmed  th is  
c o r r e s p o n d e n c e  be tw een  c e l l s  s ta ined  fo r  G I P  and glucagon ( F i g .  4 . 5 ) .
To confirm the spec i f ic i ty  of a n t i s e r a ,  ad jacen t  s e c t i o n s  w e r e  
s t a in e d  with con tro l  s e r a ,  anti  G I P  with G I P  a b s o r b e d  s e r a ,  o r  with 
the subs t i tu t ion  of normal  s e r u m .  All t h e s e  p r o c e d u r e s  comple te ly  
abo l i shed  the s ta in ing  of the i s l e t ,  w h e r e a s  pos i t ive  s t a in ing  was 
o b s e r v e d  with ant i  G I P  se ru m  a b s o rb e d  with g lucagon ,  s o m a t o s ta t i n ,  
P P ,  V I P  and s e c r e t i n  ( F ig .  4 . 6 ) .
When p a n c r e a t i c  t i s s u e  of the r a t  was  p laced  in ac id  alcohol  
(5% a c e t ic  acid)  fo r  24 h r  a t  4 ° C , the immunoreact ivi ty  of g lucagon  
w as  a b o l i s h e d ,  but the immunoreac t iv i ty  of G I P  was  s t i l l  p r e s e r v e d .
4:4 D is c u ss io n
(i) G a s t r i n
The  inabi l i ty  to loca l ize  g a s t r i n  in the (D) c e l l s  of i s l e t  is at 
v a r i a n c e  with o t h e r s  . . W hereas  in the p a n c r e a t i c  i s l e t s  some  a u t h o r s
have  ident i f ied g a s t r i n  conta in ing  c e l l s  by immunohistological m ethods  
(2,  135, 136) a s  well a s  by rad io imm unoassay  of p a n c r e a t i c  t i s s u e  e x t r a c t s  
(136 ,334) ,  o t h e r s  have  r e p o r t e d  nega t ive  f indings (310) .  To exp la in  t h e s e  
d i s c r e p a n c i e s ,  in the f i r s t  p l ac e  d i f f e r e n c e s  in the methodology should  be  
c o n s i d e r e d .  Indeed ,  it h a s  been  r e p o r t e d  (136,335)  that g a s t r in - im m u n o ­
f l u o r e s c e n c e  fa i l s  to a p p e a r  in p a ra f f in  s e c t i o n s  of fo rm alin  f ixed p a n c r e a s  
t i s s u e .  H o w e v e r , t h e  same method p r o v e s  exce l len t  fo r  the d e m o n s t r a t io n  
of immunoreac t ive  g a s t r i n  c e l l s  in the g a s t r i c  m ucosa .  F u r t h e r m o r e ,
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num erous  o t h e r  methods of t i s s u e  p r e p a r a t i o n ,  including f r e s h  f rozen  
c r y o s t a t  s e c t i o n s  w e r e  t r i e d  in the p r e s e n t  s tu dy ,  but they all  yielded 
nega t ive  r e s u l t s .  It should a l s o  be  pointed out that Lomsky e^. aj_. (135) 
used  fo rmalin  f ixat ion and p a ra f f in  embedded se c t io n s  fo r  t h e i r  s u c c e s s fu l  
d e m ons t ra t ion  of p a n c r e a t i c  g a s t r i n  c e l l s  with f l u o r e s c e in - l a b e l l e d  
a n t ib o d ie s .  The  s pec i f ic i ty  of a n t i s e r a  was  ano the r  p roblem; not l e s s  
than f ive fo rm s  of g a s t r i n  have  been  ident i f ied in se rum  and t i s s u e  e x t r a c t s :  
(m in igas t r in ) ,  C ( l i t t l e  g a s t r i n ) ,  (big g a s t r i n ) ,  component  I 
g a s t r i n  and "big big"  g a s t r i n  (336, 337 ,  338) .  They d i f fe r  in m o le c u la r  
s i z e  and can  be  s e p a r a t e d  by gel f i l t r a t i o n .  The  abi l i ty  of a n t i s e r a  in 
the d em ons t ra t ion  of g a s t r i n  c e l l s  in a n t r a l  mucosa  of r a t s  and r a b b i t s  
showed the pos s ib i l i ty  that the s t o r a g e  fo rm s  of g a s t r i n  might be d i f f e r e n t .  
Inab i l i ty  to d e m o n s t ra t e  g a s t r i n  within i s le t  c e l l s ,  with s im i l a r  nega t ive  
r e s u l t s  of o t h e r s ,  s u g g e s t s  that  if g a s t r i n  is  p r e s e n t  within i s le t  c e l l s  
of mammals ,  the g a s t r i n  con ta in ing  c e l l s  must  be in such  small  num ber s  
a s  to be  of l imited phys io logica l  s ig n i f i c a n c e .
It was  s u gge s te d  (310) the occas iona l  p r e s e n c e  of a few g a s t r i n  
con ta in ing c e l l s  in a p a n c r e a s  would not be  s u r p r i s i n g  if p a n c r e a t i c  i s l e t  
c e l l s  and g a s t r o in t e s t i n a l  polypep t ide  e l a bo ra t ing  c e l l s  had common 
embryologie  o r i g i n .  In th is  r e s p e c t ,  it i s no teworthy that  Hansky  e^. aj_. 
(339) w e r e  unable  to d e m o n s t ra t e  g a s t r i n  s e c r e t i n g  c e l l s  with the immuno­
f lu o r e s c e n c e  techn ique  in the p a n c r e a s  of t h r e e  o f  four  dogs ;  in the f o u r t h ,  
they found a small  number  of f l u o r e s c e n t  c e l l s ,  but only in the tai l  of the 
p a n c r e a s .  Even  l e s s  s u r p r i s i n g  would be  the a p p e a r a n c e  of g a s t r i n  c e l l s  
in the p a n c r e a s  unde r  pathologica l  c i r c u m s t a n c e s .
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(ii) GIP
The  immunocytochemical loca l iza t ion  of glucagon and G I P  in ad jacen t  
s e c t i o n s  of the same is le t  and by means  of sequen t ia l  s ta in ing  method,  
r e v e a l e d  that  both of t h e s e  ho rm ones  a r e  p r e s e n t  within the same A c e l l s  
in the p a n c r e a t i c  i s l e t . The s ta in ing  of A^ c e l l s  was comple tely b locked 
by the homologus a b s o rp t ion  of r abb i t  anti  glucagon vyith p u r i f ie d  glucagon 
and anti  G I P  with pu r i f ied  G I P .  In marked  c o n t r a s t ,  the c r o s s  a b s o rp t io n  
of anti  G I P  with glucagon did not affect  the s ta in ing  of A^ c e l l s  f o r  G I P .  
T h e r e f o r e ,  the p o s s ib i l i t i e s  that  the s ta in ing  of A^ c e l l s  might be  due 
to e i t h e r  an immunologic c r o s s - r e a c t i v i t y  be tween  two horm ones  (15 of 
the f i r s t  26 amino a c id s  a r e  in the same  pos i t ion  a s  p o r c i n e  glucagon)  (323) ,  
o r  the p r e s e n c e  of a contamina t ing c r o s s - r e a c t i v e  ant ibody in e i t h e r  a n t i s e r a ,  
w e r e  e l imina ted .
U nfo r tu na te ly ,  us ing  the anti  glucagon s e r a  in th is  inves t ig a t io n  it 
was  not p o s s ib l e  to s ta in  any g lucagon c e l l s  in s e c t io n s  of the gu t .
H o w e v e r ,  the p r e s e n c e  of G I P  within glucagon c e l l s  of gut in d i f f e r e n t  
s p e c i e s  h a s  been  r e p o r t e d  r e c e n t l y  (328) .  The  r e s u l t s  ob ta ined  in the  
p r e s e n t  s tudy  on one hand confirm the o b s e rv a t io n  of Smith e t .  a L  (340) 
who d e s c r i b e d  the p r e s e n c e  of immunoreac t ive  G I P  within A^ c e l l s  of 
r a t  p a n c r e a s  and Alumets e^. a|_. (328) ,  who r e p o r t e d  the p r e s e n c e  of 
immunoreac t ive  G I P  not only in A^ c e l l s ,  but a l s o  within glucagon c e l l s  
of the gut in d i ff e ren t  s p e c i e s ;  on^the o th e r  hand ,  th is  work had s im i l a r i t y  
tothe o b s e r v a t io n s  of Buchan eU aj_. (341),  who fai led  to find im m unoreac t ive  
G I P  ou ts ide  the small in te s t ine  in man.  T h e r e  is no r e a d y  exp lana t ion  to 
o f fe r  f o r  t h e s e  d i s c r e p a n c i e s .  The  p roduc t ion  of two d i f fe ren t  t y p e s  of 
a n t i s e r a ,  one which d e m o n s t r a t e s  G I P  immunoreac t ive in the in te s t i na l
K c e l l s  and the o th e r  which d e m o n s t r a t e s  G I P  immunoreac t ivi ty  a l s o  in 
the glucagon c e l l s  of p a n c r e a s ,  was o f fe red  by Alumets  e^. (328).
Methodological  d i f f e r e n c e s  is a n o th e r  f a c to r  which must  a l s o  be c o n s i d e r e d .  
W hereas  the immunoreact ive  G I P  fai led  to a p p e a r  in pa ra f f in  s e c t i o n s  of 
fo rmalin  f ixed gut t i s s u e ,  in p a n c r e a t i c  t i s s u e ,  h o w e v e r ,  immunoreac t iv i ty  
of G I P  was  s t r o n g e r  in fo rmalin  fixed t i s s u e  r a t h e r  than B ou in ' s  f ixed 
t i s s u e .  The p o s s ib le  involvement  of f a c t o r s  r e l a t e d  to f ixat ion is shown 
by the o b s e r v a t io n s  of Polak_e^. a]_. (342).  T h e s e  a u th o r s  have  poin ted  
out that  the dem ons t ra t ion  vyith f lu o re sc in a t e d  an t ibod ie s  of glucagon c e l l s  
in the g a s t r o in t e s t i n a l  t r a c t  is wholly dependant  on p r i o r  f ixat ion with 
c a rb o d im id e ,  w h e r e a s  in the p a n c r e a t i c  i s l e t s  glucagon c e l l s  can  be  
de m o n s t ra t ed  with a v a r i e ty  of f ix a t iv es  and even in unfixed t i s s u e s .
They con templa te  the p o s s ib i l i ty  that  d i f f e r e n c e s  in beh a v io u r  be tw een  
p a n c r e a t i c  and e n te r i c  glucagon may be due to a d i s s i m i l a r i t y  in t h e i r  
s t o r a g e  o r  p r e c u r s o r  fo rm s .
D i f fe r ence  in behav iour  be tw een  G I P  and glucagon to ac id  a l c o h o l ,  
which abo l i shed  the immunoreact iv i ty  of p a n c r e a t i c  glucagon but  not G I P  
to g e th e r  with the iden t i f ica t ion  of G I P  in non be ta  cel l  tumours  of "WDHA 
synd rom e"  (343) ,  could be  f u r t h e r  ev idence  fo r  the p r e s e n c e  of two 
d i f f e re n t  components  within the same p a n c r e a t i c  A^ c e l l . H o w e v e r ,  
examples  of c e l l s  capab le  of p roduc ing  two hormones  have  be e n  no ted  in 
o th e r  t i s s u e s .  In the p i tu i t a r y  fo l l ic le  s t imulat ing hormone  and lu te in iz ing  
ho rm ones  a p p e a r  to be  made by the same c e l l s  (344 ,345) .  The  p r e s e n c e  of 
som a tos ta t in  and ca lc i tonin within a s ing le  cell  in the r a t  thy ro id  gland 
(346),  enkephal in  and g a s t r i n  in some an tr a l  G c e l l s  (347),  and p o s s ib l y  
the p r e s e n c e  of somatos ta t in  and g a s t r i n  in p a n c r e a t i c  is le t  of man (2),  
a r e  d e p a r t u r e s  from the " o n e - c e l l - o n e - h o r m o n e "  t h e o r y .
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T h e s e  o b s e r v a t io n s  sugge s t  that  c e l l s  may a l s o  s y n th e s i z e  
m ore  than one ho rm one .  N e v e r t h e l e s s ,  f u r t h e r  s t u d i e s ,  e s p e c i a l l y  
rad io imm unoassay  of p a n c r e a t i c  e x t r a c t ,  have to be  done to c l e a r  th is  
p o s s ib i l i t y .
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C H APTER 5
IN V E S T IG A T IO N  OF ISLET CELL PO PULATIONS 
N SPONTANEOUSLY O B ESE MI CE AND FA TTY RA TS
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5:1 I nt roduc t ion
Obes i ty  is the most  p r e v a l e n t  metabol ic  d i s o r d e r  in aff luent  s o c i e t i e s .
D esp i te  wide recogn i t ion  of the a d v e r s e  hea l th  co n s eq u e n c e s  of o b e s i t y ,  
including c a r d i o v a s c u l a r  dys func t ion ,  d iges t ive  d i s t u r b a n c e s ,  d i a b e t e s  m e l l i t u s ,  
skin a i lments  and d e g e n e r a t i v e  a r t h r i t i s ,  i t s  p r e v a l e n c e  r e m a in s  high (348).
Obes i ty  in an imals  can  manifest  i ts e lf  in a number of w a y s .  I n v e s t i g a t o r s  
i n t e r e s t e d  in the f ield  of o be s i ty  have  a number of models  f rom which to c h o o s e .
F o r  e a s e  of c l a s s i f i c a t io n  t h e s e  models  can  be divided into f ive m ajo r  g r o u p s  (349).
1. Obes i ty  following ven tromed ia l  hypothalamic i n ju ry .
2 .  Phys ica l  inac t iv i ty .
3 .  E n d o c r in e  imba lance .
4 .  Nut r i t iona l  o b e s i t y .
5 .  Genet ic  o b e s i t y .
Deta i l ed  s tu d i e s  of many of t h es e  expe rimental  forms of obe s i t y  have  p ro v id e d  
insigh t  into some of the m echan ism s  by which human obes i ty  d e v e lo p s  (350) .
Gene t ic  obes i ty  is the form stud ied  in th i s  s e c t io n .
H ype r in s u l in a i em ia : is  one of the most  cons i s t en t  f e a t u r e s  of obes i ty  
e n c o u n te re d  both in the c l in ica l  condi t ion and in genet i c  and expe r im en ta l  ly 
induced obes i ty  in r o d e n t s .
Although it i s  g e n e ra l l y  a c ce p ted  that  hype r insu l inaem ia  is  a c h a r a c t e r i s t i c  
of the obe se  syndrom e ,  t h e r e  is  a good deal of c o n t r o v e r s y  a s  to w h e th e r  t h i s  
is a p r im a r y  de fec t  in the p a n c r e a t i c  is l e t  cel l  funct ion p r e c e d in g  h y p e rp h a g ia  
and ob e s i ty ,  o r  w he ther  it i s  a s e c o n d a r y  de fec t  a p pe a r ing  a s  a c o n s e q u e n c e  of 
the two l a t t e r  a b n o rm a l i t i e s .  It is g e n e ra l l y  a g re e d  that  h y p e rp h a g ia  p r o m o t e s  
insul in  s e c r e t i o n ,  and o b e s i ty ,  and o be s i ty  r e s u l t s  in insul in  r e s i s t e n c e ,  fo r  
which the p a n c r e a s  p a r t i a l  ly c om pensa te s  by h y p e r s e c r e t i o n  of in su l in .  On the
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Other hand,  it i s  a l s o  true that hype rinsu l inaemia  i t s e l f  can promote  h y p e r ­
phagia and o b e s i t y .
Rapid en la rgem ent  of a d ipocy tes  in epididymal fat pads  o c c u r  at 12 -  14 
days  of age  in ob /o b  mice (351) compared  to 20 -  28 days  of age fo r  d e tec t ion  
of hype r in su l inaem ia  (352 ,3 53) .  T h i s  sugges ted  that  en la rgem en t  of a d ipocy tes  
p r e c e d e d  the onse t  of hy p e r in s u l in a e m ia .  C o r r e l a t i o n s  of s e rum  insu l in  l eve ls  
in obes i ty  have been  found,  not with total m ass  of s to r e d  f at ,  but r a t h e r  with 
adipocyte  s i z e  (354) indicat ing  the  pos s ib i l i ty  of some spec ia l  r o le  of ad ip ocy te  
s i z e  in e i t h e r  insu l in  r e s i s t a n c e  o r  p a n c r e a t i c  hype rfunc t ion .
H o w e v er ,  r e c e n t ly  the fat  t r a n s p la n t a t i o n  s tud ie s  of Ashwell  eU a]_. (355) 
have c l e a r l y  e s t a b l i s h e d  that  in s e v e r a l  di ff e ren t  s t r a i n s  of g e ne t i ca l ly  o b e s e  
r o d e n t s ,  the in t r in s i c  p r o p e r t i e s  of the fat c e l l s  a r e  not a p r im a r y  f a c t o r  in 
the development  of ob e s i t y .
One form of experimenta l  obes i ty  which has  been  widely s tud ied  is that  
p roduce d  by l e s ions  of the ven tromedia l  nuc leus  of the hypo tha lamus .  F r o h m a n  
and B e r n a r d i s  (356) c a r r i e d  out t h i s  ope ra t io n  on weanl ing r a t s  and d e m o n s t r a t e d  
i n c r e a s e d  c i r c u la t in g  insu l in  l e v e l s ,  a lthough these  an im als  w e r e  not hy p e rp h a g ic  
o r  o b e s e .  F u r t h e r  ev idence  that  hyper insu l inaem ia  may be d i s s o c i a t e d  from 
hype rphag ia  and obes i ty  was  ob tained  by Mart in  e^. a L  (357), who d e m o n s t r a t e d  
d e c r e a s e d  insul in  con ten t  of the p a n c r e a s ,  is le t  B cel l  d e g ra n u l a t i o n ,  a t endency  
to en la rgement  of i s l e t s  and i n c r e a s e d  r e s p o n s i v e n e s s  of the l a t t e r  to insu l in  
s e c r e t a g o g o n s  in r a t s  with hypothalamus  ^lesions maintained on a r e s t r i c t e d  d i e t .
Both t h e s e  g roups  of i n v e s t i g a t o r s  have sugges ted  that  h ype r in su l ina em ia  
deve lops  independent ly  and p r i o r  to h y pe rpha g ia ,  hype rg lycaem ia  and o b e s i t y .
F u r t h e r m o r e ,  in r a t s  r e n d e r e d  insul in  def ic ien t  by the B cell  toxin 
( s t r ep to z o to c in ) ,  hypothalamic les ioning did not p ro d u ce  obes i ty  o r  h y p e rp h a g ia  (358) .
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When t h e s e  an imals  w e r e  subsequen t ly  t r e a t e d  with in su l in ,  hy p e rp h a g ia  deve loped  
and abnormal  weight  gain o c c u r r e d .  B o o z e r  and Mayer  (359),  h o w e v e r ,  who 
t r e a t e d  young obe se  mice with s t r e p to z o to c in  to maintain normal  insu l in  l ev e l s ,  
showed that o v e r  a 16 week p e r i o d  these  an im a lsbecam e  o b e s e  and insul in  
r e s i s t a n t .  They  conc lude  that  e a r l y  and p e r s i s t e n t  hype rphag ia  r a t h e r  than
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hype r in su l inaem ia  is the c a u s e  of these  abnorm a l i t i e s  in the b b / o b  m ouse .
R e c e n t ly ,  I noue_et . _a|. (360) have  r e p o r t e d  that  when foetal  r a t  p a n c r e a s  was  
t r a n s p l a n t e d  unde r  the kidney  c a p s u l e  in s t r ep to z o to c in  d iabe t ic  r a t s ,  hypothalamic  
les ioning  fai led  to p r o d u c e  obe s i ty  o r  h y p e rp h a g ia .  F rom  t h e s e  e x p e r im e n t s  they 
conc lu de  that  the neura l  con tro l  of the p a n c r e a s  p lays  an e s s e n t i a l  r o l e  in the 
development  of ob e s i t y .
Th i s  f e a t u r e  of high c i r c u l a t i n g  insul in  leve ls  a s s o c i a t e d  with obes i ty  h a s  
led a number  of i n v e s t i g a t o r s  to s tudy  the his tology of the e n d o c r in e  p a n c r e a s ,  
p a r t i c u l a r l y  in rod en t s  with gene t i c  ob e s i t y .  Th is  group of an im a ls  b ecom es  o b e s e  
but  do e s  not develop o v e r t  d i a b e t e s .  All of them have  ev id ence  of abnormal  
insul i n - c a r b o h y d r a t e  lipid metabo l i sm,  but compensa te  a n d / o r  adapt  s o  that  life 
is  not t h r e a t e n e d .  S e v e r a l  p a t t e r n s  of inher i ta nc e  a r e  r e c o g n ize d  in t h e s e  
a n im a ls ,  including autosomal  r e c e s s i v e ,  autosomal  dominant ,  and po lygen ic  (361) .  
Thus  it i s  appa re n t  t h a t ,  in r o d e n t s  a t  l e a s t ,  s im i la r  but complex p he no type s  may 
a r i s e  f rom qui te  d i v e r s e  ge n o ty p e s .  H ype rp la s ia  of the i s l e t s  of L a n g e rh a n s  
and de g ra nu la t ion  of the b e ta  c e l l s  was  d e s c r i b e d  in e a r l y  work  on the  g e ne t i ca l ly  
o b e s e  mouse (ob/ob)  (362).  Gonet_et.  aj_j (363) have c a r r i e d  out s tu d i e s  on the 
sp iny  mouse (Acomys) and d e m o n s t r a t e d  a c o n s id e r a b l e  d e g r e e  of h y p e r p l a s i a  
and h y p e r t ro p h y  of the i s l e t s  of Lange rhans  in t h es e  an im a ls .  They  conc luded  
that  some d e g r e e  of h y p e r p l a s i a  and h y p e r t rophy  of the is l e t  is  c h a r a c t e r i s t i c  
of all types  of genet i c  o be s i ty  in r o d e n t s .  The s t r u c tu r a l  c h a n g e s  in g e n e t i ca l ly
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obe se  r a t s  (the Z u k e r  o r  F a t ty  r a t s )  from 5 to 52 weeks  of age  have  been  
examined (364).  H y p e r t r o p h y  of i s l e t s  was  obse rved  from a v e r y  e a r l y  a g e ,  
and a l s o  a highly deve lo ped  endoplasmic  ret iculum Golgi complex .
Z u k e r  e L  aj_. (365) showed the r e l a t i v e  high c o n c e n t r a t i o n s  of insul in  
p r e s e n t  in fat ty  r a t s  d u r in g  fas t in g  and sugges ted  that  th is  is  due to e x c e s s i v e  
insul in  output  which c a n  a l s o  be d em ons t ra ted  in v i t ro  f rom i so la ted  p a n c r e a t i c  
i s l e t s  of t h es e  an im als  (366).  The  h is to logica l  s tu d ie s  showed p a n c r e a t i c  
endoc r ine  hyperfunc t ion  in the obe se  animals  by ,  highly v a s c u l a r  a s  well a s ,  
e n la r g e d  i s l e t s .  Although t h e r e  is  genera l  agreement  c o n c e rn in g  en la rgem en t  
of i s l e t s  and h y p e r p l a s i a  of be ta  c e l l s  in genet ic  obes i ty ,  few s tu d i e s  on the 
cyto logical  compos i t ion  of i s l e t s  of obe se  animals  have  been  r e p o r t e d .
O the r  e n d o c r in e  a b n o rm a l i t i e s  have  been r e p o r t e d  in o b e s i t y .  In o b /o b  
mice the h y p e r t r o p h y  of the a d rena l  g land ,  i n c r e a s e d  c o r t i c o s t e r o i d  s e c r e t i o n  
and c o n s id e r a b ly  e l eva ted  level of p i tu i t a ry  ACTH (367,368)  have  been  r e c o r d e d .  
Z u c k e r  (fatty) r a t s  exhibi t  s e v e r a l  e ndoc r ine  d i s o r d e r s ,  including d e f e c t s  of 
the female r e p r o d u c t iv e  s y s t e m ,  such  a s  de layed  p u b e r t y ,  i r r e g u l a r  o e s t r o u s  
c y c l e s ,  f a i l u r e  to mate  and r e f r a c t o r i n e s s  to p s e u d o p re g n a n c y - in d u c in g  st imuli  
(369).  Defic iency in the r egu la t ion  of body fluid (370,371)  due to r ed u c t io n  in 
the leve ls  of a r g i n i n e - v a s o p r e s s i n  and oxytocin of the p i tu i t a r y  g land and 
individual  hypothalamic nuclei  in Z u c k e r  r a t s  have a l s o  been  r e p o r t e d .
The  act ion  of g a s t r o in t e s t i n a l  hormone  in obes i ty  h a s  been  c o n s i d e r e d  
from d i f fe ren t  po in ts  of v i e w .
T h e  connect ion be tw een  gut ho rm ones  and food intake  b e h a v io u r ;  h e r e  
cho lcys tok in in  may have  an important  effect on sa t i e ty  b e h a v io u r ,  a t  l ea s t  in 
the r a t  and monkey (372 ,373) .
The  act ion of g a s t r o in t e s t i n a l  hormones  in the r egu la t ion  of p a n c r e a t i c  
ho rm ones  s e c r e t i o n ;  G I P  p lay  a v e ry  important r o le  in th is  c a t e g o r y .  Due to
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in su l ino troph ic  ac t ion  of G I P ,  the es t imat ion  of th is  hormone  level c ou ld ,  
t h e r e f o r e ,  be  of impor tance  in obes i ty  w here  the c i r c u la t in g  insul in  level is 
v e ry  h igh.
The  p r e s e n t  s tudy  was unde r ta ken  to examine the effect  of the obes i ty  
syndrom e in gene t i c  o b e s e  mice and r a t s : -
1. on the compos i t ion of the p a n c r e a t i c  i s l e t s ,
2 .  on the number of G I P  c e l l s  of the ga s t ro in t e s t i n a l  t r a c t  in
o be se  mice and fat ty  r a t s  and th e i r  lean l i t t e r  m a t e s ,
3 .  on the p r e s e n c e  of immunoreac t ive G I P  within c e l l s  in
o b e s e  a n im a ls .
5:2 M a te r i a l s  and Methods
A .  M a te r ia l s
(i) Animals:
The  following an im als  w e r e  in v e s t ig a t e d : -
(a) Z u c k e r  o r  F a t ty  r a t s  ( fa / fa) :
The  type of obes i ty  exhibi ted by th is  s t r a i n  of r a t  is 
a s s o c i a t e d  with marked  p e r i p h e ra l  insu l in  r e s i s t a n c e  
yet  with complete  a b s e n c e  of h y p e rg ly c a e m ia ,  a combina­
t ion which is a lw ays  a s s o c i a t e d  with o be s i ty  (373,  F i g . 5 . 1 ) .
(b) O be se  mice including two d i f fe ren t  s t r a i n s :
1. o b /ob  ( F ig .  5 .2 )
2 .  C57/BL6J  ob /pb  ( F ig .  5 .3 )
T h i s  group  of an imals  become obe se  and insu l in  r e s i s t a n t
with high blood s u g a r ,  but  do not deve lop d i a b e t e s  with
k e to s i s  (361).
S i n c e  obe se  syndrome a p p e a r s  to be t r a n s m i t t e d  by a r e c e s s i v e  
gene  in t h i s  group  of r a t s  and mice (361 ,375) ,  the genotype  of the  
affected mice  o r  r a t s  is o b /ob  and f a / f a ,  while that  of unaf fec ted  
lean l i t t e r  m ates  is e i t h e r  o b / + ,  f a / + o r + /+ .
P ig .5 .1  6 month old female Zucker fa t ty  rat and i t s  lean lit ter iu a te .
P ig ,^.2 6 month old  male obese mouse (ob/ob) and i t s  lean lit te r m a te .
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K
Fig,5*5A 12 weeks old  obese moiise {C/J/bl/SJ ob/ob) and i t s  lean
l i  tterniate.
/
Fig.5.5B  5 months old obese mouse (C^7/ bl/ 6J ob/ob).
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20 o f f sp r ing ,  f rom Z u c k e r  r a t  co lo ny ,  age  ran g e  1 -  3 da y s  
w e r e  a l s o  u s e d ,
B . Methods
(I) P r e p a r a t i o n  of t i s s u e  sec t ions :
E x c e s s  f ixa t ives  w e re  removed by wash ing t i s s u e s  in tap w a t e r .  
The  t i s s u e f r a g m e n t s  w e r e  then d e h y d ra t ed  in e th ano l ,  c l e a r e d  in 
xyl ene  and embedded in pa ra f f in  wax.
(a) P a n c r e a t i c  s e c t ions :
V a r io u s  4 -  5 um s e r i a l  p a n c r e a t i c  s e c t i o n s  w e r e  cut  f rom 
e a ch  block and from each  s e r i a l  8 s e c t io n s  w e r e  mounted on 
s e p a r a t e  s l i d e s .
(b) Gut t i s s u e  s e c t ions :
T i s s u e  spec im ens  co l l ec ted  from v a r i o u s  r e g i o n s  of the 
gu t ,  w e r e  embedded v e r t i c a l ly  in b locks  so  that  each  b lock  
had 10 p i e c e s .  Stomach spec im ens  w e r e  embedded s e p a r a t e l y .  
20 s e r i a l  s e c t i o n s  w e r e  cut f rom each  pa ra f f in  block and from 
t h e s e ,  3 s e c t io n s  w e r e  mounted on s e p a r a t e  s l i d e s .
(ii) M ic roscop ica l  s tud ie s :
One se c t io n  from each s e r i e s  of p a n c r e a t i c  t i s s u e  w as  s t a i n e d  
with H & E ; the remain ing se c t io n s  w e r e  s ta ined  f o r  g lucagon ,  
in su l in ,  p a n c r e a t i c  po lypep t ide ,  som a tos ta t in  and G I P  with the 
Jm m u n o p e rd x id a se  method. Gpt t i s s u e  s e c t i o n s  w e r e  s ta ine d  with the  
Gr im e l ius  s i l v e r  impregnat ion method and with the i nd i rec t  immuno- 
p e r o x i d a s e  method f o r  G I P .  GIP c e l l s  in  t h e  s e c t i o n s  
• of the gut w e r e  coun te d .  Longtitudal s e c t i o n s  of in te s t ine  w e r e  a l s o  
cut  and G I P  c e l l s  w e re  coun ted .  The s i z e  of p a n c r e a t i c  i s l e t s  was
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m e a s u r e d  in fa t ty  and lean r a t s  at 5 and 10 weeks  of a g e ,  a s  follows:  
Half total of the longest  p lus  s h o r t e s t  d i a m e te r  of each  i s l e t  was  
u sed  a s  an index of is l e t  s i z e .  Nuclei  of i s l e t s  w e r e  coun ted in a 
b i n o c u l a r  m ic ro sc o p e  with a magnif icat ion of x400 and with the aid 
of a movable  s t a g e  and a s q u a re d  g r id  p laced  in one of the  eye  p i e c e s ,
(iii) Chemical  a n a ly s i s  of se rum :
Blood sam ples  w e r e  co l l ec ted  by h e a r t  p u n c tu r e  f rom overn igh t  
f a s t e d  r a t s  and mice (.16 h r ) ,
(a) M easurement  of blood g lucose :
Blood g lucose  was  m e a s u r e d  us ing GOD p e r i d  method with 
a ki t supp l ied by B o e h r in g e r  Mannheim ( C a t . No.  15155) . T h i s  
method u s e s  the chromogen A B T S ,  ammonium s a l t  ( 2 , 2 ^ - a z i n o d i , 
3 ethyl benzo th iozo l ine -6  sulphonic  acid)  a s  r edox  ind ic a to r  
with g lucose  ox idase  and p e r o x i d a s e .  The  method h a s  a c o ­
e ff i c ient  va r i a t i o n  (CV) of 3 .3% at 5 m m o l / 1 .
(b) M easurement  of p lasma insul in:
P l a sm a  insul in  was m e a s u r e d  by r ad io im m unoassay  us ing  
human insul in  a s  s t a n d a r d ,
5:3 R e s u l t s
A .  Z u c k e r  (fat ty) R a t s
(i) Blood g lucose  and plasma insul in  leve ls :
No s ign i f icance  was found in the blood g lucose  level of new bo rn  
r a t s .  Body weight  was much g r e a t e r  in o b e s e  r a t s  than in l i t t e r  m a te s  
of the same a g e s  (Tab le  5 . 1 ) .  While the r a n g e  of blood g lu c o s e  w as  
s l i gh t ly  h ig h e r  in fa t ty  r a t s ,  the level of IR I was e le v a te d  even  at  
5 weeks  and cont inued to i n c r e a s e  until  24 -  26 weeks  of a g e .  T h e s e
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o b s e r v a t io n s  c l e a r l y  dem ons t ra ted  that  o b e s e  r a t s  w e r e  o b e s e  with 
h y p e r  insu I inaemia and these  syndrom es  advanced  with i n c r e a s in g  
a g e .  H ow e ver ,  t h e s e  r a t s  w ere  not h y p e rg ly c ae m ic .
(ii) H is to log ica l  obse rva t ion :
(a) New b o r n  r a t s :
No s ignif icant  d i f f e r e n c e s  w e r e  o b s e rv e d  among new b o r n  
r a t s  aged 1 -  3 d a y s .  I s l e t s  w e r e  located unequal ly  in d i f fe ren t  
p a r t s  of the p a n c r e a s .  Whereas  some p a r t s  of the p a n c r e a s  did 
not show any i s l e t ,  o th e r  p a r t s  w e r e  loca ted  by i s l e t s  p redom inen t ly  
( F ig .  5 . 4 ) .  Insu l in  containing c e l l s  r e p r e s e n t e d  the most  
num erous  i s l e t  cel l  populat ion ( F ig .  5 . 5 ) .  The  g lucagon and 
som a tos ta t in  c e l l s  w e re  s i tua ted  at the p e r i p h e r y  of the i s l e t s ,  
forming a mant le  a round  the c e n t r a l l y  loca ted  B c e l l s  ( F i g .  5 . 6 ,  
5 . 7 ) .  A v e ry  few c e l l s  pos i t ive  to anti  p a n c r e a t i c  po lypep t ide  
se ru m  w e r e  o b s e rv e d  in the p e r i p h e r a l  of the i s l e t s .  Only a 
few c e l l s  pos i t ive  to anti  G I P  se ru m  w e r e  d e m o n s t r a t e d  in the 
p a n c r e a t i c  s e c t i o n s  of new bo rn  r a t s .
(b) 5 weeks  old:
At 5 weeks of age  the s i z e  of i s l e t s  was  s l igh t ly  i n c r e a s e d  
in o b e s e  r a t s ,  but it was not s ig n i f ican t  ( F ig .  5 . 8 ) ,  The  
a p p e a r a n c e  of i s l e t s  was comple te ly  normal ;  all 4 types  of 
c e l l s  w e r e  p r e s e n t  with,a  normal  d i s t r i b u t io n  a s  d e s c r i b e d  fo r  
normal  r a t s  ( cha p te r  3) .  A^ c e l l s  w e r e  p os i t ive  f o r  both anti  
glucagon and anti  G I P  s e r a .
(c) 8 weeks  old:
At 8 weeks  of age obese  r a t s  showed m arked  a l t e r a t i o n  in 
the  i s l e t s .  Both hype r t rophy  and h y p e r p l a s i a  of be ta  c e l l s
F ig .9 .4  3 days old Zucker rat pancreas. H. & E. s ta in in g . xlOO
■ s i .
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F ig .5 .5  5 days o ld  Zucker rat pancreas. S p ec ific  s ta in in g  for
in su lin . xlOO
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F ig ,5 .6 5 days old Zucker rat pancreas. S p ec ific  sta in in g  for
glucagon using anti rabbit porcine glucagon, xlOO
F ig ,5.7 3 days old Zucker rat pancreas. S p ec ific  s ta in in g  for  
som atostatin using anti rabbit syn th etic  c y c lic  soma­
to s ta tin , xlOO
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w e r e  noted (F ig .  5 . 9 ) .  The  only s ign i f ican t  le s ion  a p p e a r e d  
to be  an i n c r e a s e  in the number  of insu l in  c e l l s ,  w h e r e a s  no 
d i f f e re n c e  from c o n t r o l s  was  noted with r e s p e c t  to g lucagon ,  
somatos ta t in  o r  P P  c e l l s .  In sp i t e  of i n c r e a s i n g  the s i z e  of 
i s l e t s  (except  in 1 animal with few i s l e t s ) ,  the mantle  a r r a n g e ­
ment of p e r i p h e ra l  c e l l s  was  not b ro k e n  at  t h i s  a g e .  The  
in tens i ty  of s ta in ing  f o r  insul in  in be ta  c e l l s  of o b e s e  an im als  
was  much l e s s  than in lean an imals  ( F ig .  5 . 1 0 ) .  T h i s  could  
be  r e l a t e d  to o v e ra c t iv i ty  of B c e l l s  in fat ty  r a t s .
(d) 24 and 32 weeks  old:
in 24 and 32 weeks  old fat ty  r a t s  a p r onounce d  B ce l l  
h y p e rp l a s ia  was  noted ( F ig .  5 . 1 1 ) .  The d e g r e e  of h y p e r p l a s i a  
v a r i e d  s l ight ly  in d i f fe ren t  an imals  but  was  a lw a ys  of c o n s i d e r ­
ab le  magnitude.  Only the insul in  c e l l s  a p p e a r e d  to u n d e rg o  
h y p e r p l a s i a .  In o l d e r  an im als  some of the big i s l e t s  exh ib i ted  
a p r o l i f e r a t i o n  of f ib r o u s  t i s s u e  ( F ig .  5 . 1 2 ) .  It w as  no tab le  
that  i s l e t s  w ere  a ff ec ted  in a v a r i a b l e  d e g r e e ;  a p p a r e n t l y  
normal  s ized  i s l e t s  w e r e  found b e s id e  g igan t ic  ones  ( F i g .  5 . 1 3 ) .  
G lucagon,  somatos ta t in  and P P  c e l l s  w e r e  a l s o  a ff ec ted  in that  
t h e i r  normal "mantle” a r r a n g e m e n t  was  b r o k e n  up and they  
seem ed  to be  d i s se m ina te d  o v e r  the i s l e t s  ( F i g .  5 . 1 4 ,  5 . 1 5 ,
5 . 1 6 ,  5 . 1 7 ) .  Th i s  d i s a r r a n g e m e n t  in d i s t r i b u t io n  of c e l l s  w as  
only o b s e rv e d  in big i s l e t s ,  not in ones  of normal  s i z e .  In a 
few i s l e t s  th e r e  was a s l ight  to m odera te  r e d u c t io n  in the num ber  
of glucagon ( spec ia l ly  somatos ta t in )  and P P  s t a in in g  c e l l s ,  but  
m ore  of ten they a p p e a r e d  in normal num bers  p e r  i s l e t ,  a l though
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P ig .5#10 Pancreas o f 10 weeks old  Zucker fa t ty  r a t. Note the
s iz e  o f i s l e t .  xlOO
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F ig .5.11 Pancreas o f 24 weeks o ld  Zucker fa t ty  r a t. S p ec if ic  
s ta in in g  for in su lin , using an ti guinea p ig  porcine  
in su lin . xlOO
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F ig .5.12 Pancreas o f 24 weeks old  Zucker fa t ty  r a t. Hypertrophy
o f i s l e t  and p r o lifer a tio n  o f  fibrous tissu e  i s  remarkable. 
H. & E. xlOO
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F ig .5.15 52 weeks old fa t ty  r a t . Note g ig a n tic  i s l e t  with
p r o lifer a tio n  o f fibrous t is su e . In th is hy})er^]las t ic  
i s l e t  A c e l ls  are found sca ttered  over the i s l e t  area. 
Double s ta in ing te clinique for A and B c e l l s .  Grimelius 
s i lv e r  n itra te  method arid aldehyde fuchsin . xlOO
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P ig .5-14 24 weelcs old  Zucker fa t ty  r a t . S p ec ific  sta in irig  for
glucagon, immunoperoxidase method. xlOO
1
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P ig .5.15 24 weeks o ld  Zucker fa t ty  r a t . Adjacent sec tio n  shows
d istr ib u tio n  o f  somatosta tin -conta in in g  (D) c e l l s  
p a r a lle l to glucagon-con ta in ing (a) c e l l s .
CF ig ,5-16 24 weeks old Zucker fa t ty  r a t . S p ec ific  s ta in in g  fo r
PP c e l ls  by using  anti bovine pancreatic p o lyp ep tid e. 
Note peripheral d is tr ib u tio n  o f PP c e l l s ,  xlOO
F ig ,5.17 32 weeks old Zucker fa t ty  r a t . S p ec ific  s ta in in g  fo r
paricreatic polypeptide containing c e l l s ,  Hie c e l l s  are 
sca ttered  over the i s l e t  area, xlOO
TABLE 5.1
Biochemica l  da ta  f rom g e ne t i ca l ly  obe se  r a t s  and th e i r  lean l i t t e r  m a te s
Age
(weeks) Number
B.W.
(g)
Blood-  
g lucose  
(mg/100m 1)
P la sm a
insulin
(uU/ml)
Fa t ty 5 4 115 i  5 114 i  5 21 i  16
8 4 242 -  12 1 0 4 -8 81 i  8
10 3 284 i  4 101 -  4 101 -  14
24 5 530 i  17 132 i  11 >  200
32 3 604 -  32 124 i  8 Nt
Lean 5 4 98 i  6 118 i  6 14 i  6
8 4 170 i  11 98 i  5 18 ± 6
10 3 182 -  12 104 -  6 16 i  4
24 5 373 -  16 128 i  5 42 i  14
32 4 404 -  10 132 -  12 Nt
All v a lu e s  r e p r e s e n t  mean -  S . D .  
Nt = not t e s t e d .
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not in r e l a t i o n  to insul in  c e l l s  that  w e re  r e d u c e d .  c e l l s  
w e r e  p os i t ive  f o r  anti  G I P  s e r a  and the number  of c e l l s  w e r e  
exact ly  the same fo r  anti  glucagon s e r a  . Count ing
of G I P  c e l l s  was  c a r r i e d  out on gut t i s s u e  s e c t i o n s  of Z u c k e r  
r a t s  and t h e i r  lean l i t t e r  m a t e s .  As shown in T a b le  5 . 3 ,  no 
speci f ic  d i f f e r e n c e  was  o b s e rv e d  be tw een  fat ty  r a t s  and t h e i r  
lean l i t te r  m a te s  at d i f f e ren t  a g e s  range ing  from 5 to 24 w e e k s .
When the gut t i s s u e  s e c t i o n s  w e re  s ta ined  with G r i m e l i u s ’ 
s i l v e r  impregnat ion (45) ,  num erous  a rgy roph i I  c e l l s  w e r e  
r e v e a l e d .  T h e s e  c e l l s  w e r e  loca l ized both in the vill i  and in 
the mid -zone  o r  c r y p t s  of the g l a n d s .  They  w e r e  p r e s e n t  in 
all the  a r e a s  inves t ig a ted  (F ig .  5 . 1 8 , 5 1 5 ) .  They a p p e a r e d  t o  be 
m ore  in the duodenum and p y lo r i c  mucosa  of the  fa t ty  r a t s  than 
th e i r  lean l i t t e r  m a t e s .  (No count ing was  c a r r i e d  o u t . )
B . O bese  Mice
(i) ob /ob  mice:
6 month old obe se  mice show hype rg lycem ia  and s e v e r e  obe s i ty  
with hype r t ro p h ic  i s l e t s  con ta in ing a d e n s e  popu lat ion  of B c e l l s  
( F ig .  5 . 2 0 ) .  An i n c r e a s e  in the number of i s l e t s  w as  o b s e r v e d  
a round du c t - l ik e  t i s s u e  in some of the s e c t i o n s .  T h e  i s l e t s  w e r e  
i n c r e a s e d  both in number  and in s i z e .  In the thin l a y e r  of non be ta  
c e l l s  s t r e t c h e d  a ro und  these^hype r t roph ic  i s l e t s ,  the  g lu c a g o n -  
somatos ta t in  and p a n c r e a t i c  polypep t ide  conta in ing  c e l l s  could be  
s e e n .  Most of the big i s l e t s  showed the lo ss  of the p e r i p h e r a l  
posi t ion of t h e s e  t h r e e  types  of c e l l s  (F ig .  5 . 2 1 ,  5 . 2 2 ) . T h e  num ber  
of glucagon c e l l s  in obe se  an im als  a p p e a r e d  l e s s  than lean l i t t e r  
mates  (F ig .  5 . 2 3 ) .  Only a few P P  c e l l s  w e r e  o b s e r v e d  in the
ZÜ5
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F ig ,5.18 DuodenuLa, lean r a t . Grimelius' s i lv e r  impregnation method 
shows a number o f argyrophi1 c e l l s .  Bouin's f ix a t io n .  
xlOO
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F ig .5*19 Stomach o f 2A weeks old fa t ty  r a t . Grimelius s i lv e r  
impregnation method. Countersigning with neutra l red 
shows numerous argyrophi1 c e l l s ,  xlOO
TABLE 5 . 2
Body weight  and blood g lucose  leve ls  in obe se  mice 
and t h e i r  lean l i t te r  mates
Age
(weeks) Number
B.W.
(g)
Blood 
g lucose  
(mg/100ml)
(C57BL/6J 8 3 41 i  2 141 -  12
ob/ob) 8 3 40 i  3 260 -  4
24 3 65 i  4 212 -  14
Lean 8 6 20 i  2 8 9 - 8
24 3 32 i  6 121 -  6
ob/ob 24 4 96 -  14 180 -  16
Lean 24 4 47 i  2 110 i  3
All va lues  r e p r e s e n t  mean -  S . D .
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Fig.5#20A 6 months old obese mice. S p ec ific  s ta in in g  for in s u lin .
Hyper^)lasia o f i s l e t s  containing a dense population o f  
B c e l l s .  ImmuTioperoxidase. x 2 5
I
M m
F ig .5.20B 6 months old obese mice. Note in creasin g  nun.ber o f  i s l e t s
H. & E. xlOO
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F ig .5.21 6 months old obese mice. S p ec ific  s ta in in g  fo r  glucagon,
Some o f the glucagon containing c e l l s  are sca ttered  over 
i s l e t .  xlOO
F ig .5.22 6 months old obese mice. S p ec ific  s ta in in g  fo r  som atostatin .
Only a few c e l ls  are a t the peripheral o f i s l e t .  xlOO
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Fig.% 25 6 montlis o ld  obese m ice. S p ec ific  s ta in in g  fo r  pancreatic
polypeptide, PP c e l l s  are at the peripheral o f i s l e t ,  
xlOO
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F ig .5.24 6 months old  obese mice. S p ec ific  s ta in in g  for glucagon.
Only a few c e l l s  are sca ttered  over i s l e t ,  xlOO
F ig .5.25 6 months old  obese mice. S p ec ific  s ta in in g  for  GIP, xlOO
2 1 1
p e r i p h e r a l  of i s l e t s  (F ig .  5 .2 4 ) .  In g e n e r a l , the  d e c r e a s e  in the 
p r o p o r t io n  of glucagon ,  p a n c re a t i c  polypep t ide  (PP)  and som a tos ta t in  
containing  c e l l s  was marked in t h e s e  an im a ls .  In the  lean a n im a ls ,  
the p a n c r e a t i c  morphology did not a p p e a r  to be d i f f e re n t  f rom that  
d e s c r i b e d  fo r  the normal  mice in c h a p te r  3 .  Immunoreac t ive  G I P  
was  p r e s e n t  with the same c e l l s  a s  glucagon ( F ig .  5 . 2 5 ) .
(ii) (C57BL/6J  ob /ob):
6months old obese  mice of (C $7BL/6J ob/ob)  s t r a i n  with h y p e r ­
glycemic syndrom e (Table  5 .2 )  showed h y p e r t r o p h ic  i s l e t s .  In 
c o n t r a s t  to fa t ty  r a t s  and ob/ob m ice ,  g lucagon ,  s o m a tos ta t in  and in 
some i s l e t s  P P  containing c e l l s  w e r e  i n c r e a s e d  in number  ( F ig .  5 . 2 6 ,  
5 . 2 7 ,  5 . 2 8 ) .  In some of the an imals  with h ig h e r  g lu co s e  level showed  
a g r e a t e r  i n c r e a s e  in glucagon c e l l s .  In t h e s e  an im als  even  the 
small i s l e t s  showed the i n c r e a s e  in the  number of g lucagon c e l l s  
(F ig .  5 . 2 9 ) .  Like Z u c k e r  r a t s  and ob /o b  m ic e ,  the d i s a r r a n g e m e n t  
of p e r i p h e r a l  c e l l s  was o b s e r v e d ,  but  to a l e s s e r  ex ten t  than the 
Z u c k e r  r a t .  The  morphology of p a n c r e a t i c  i s l e t s  in lean an im als  was  
not d i f f e ren t  f rom that of normal  mice of an o th e r  s t r a i n  ( o b /o b ) .  The  
immunoreact ive  G I P  was p r e s e n t  within c e l l s  of the i s l e t s .
S tudy  of immunoreact ive G I P  was  a l s o  c a r r i e d  out on the gut 
t i s s u e  s e c t i o n s  of th i s  s t r a i n  of obe se  mice  and t h e i r  lean l i t t e r  m a te s  
(as  d e s c r i b e d  f o r  Z u c k e r  rats)^. Like Z u c k e r  r a t s ,  s ign i f ican t  
d i f f e re n c e  was  not o b s e rv e d  in the number  of t h e s e  c e l l s  be tw een  
o b ese  and lean l i t t e r  mates  (Table  5 . 3 ) .  H o w e v e r ,  the number  of 
G I P  c e l l s  was  h igher  in hyperg lycem ic  o b e se  mice c om pa red  with 
normaglycemic obe se  mice (Table  5 . 3 ) .
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F ig .5. 26A 24 weeks old  obese mice (Cc7BL/6J ob/ob) with hy^jer-
glycem ic syridrome. S p ec ific  s ta in in g  for glucagon. 
Hie s iz e  o f  i s l e t  with numerous glucagon- con ta in in g  ^ 
c e l l s  i s  noted. xlOO
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F ig .5 .2 6 b 8 weeks old  obese mice (C^7BL/6J ob/ob) with hyper­
glycem ic syndrome. S p ec ific  s ta in in g  for glucagon. 
Hie numerous glucagon- con ta in in g  c e l ls  are noted. 
xlOO
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P ig .5.27 24 weeks old obese mice (G^7BL/6J ob/ob ). S p ec ific
s ta in in g  for som atostatin . Hie number o f  som atostatin , 
contairiing c e l l s  (D) i s  a lso  increased . xlOO
ii
P ig .5.28 8 weeks old obese mice (Gj-7BL/6J ob /ob). S p e c ific
s ta in in g  fo r  pancreatic pdlypeptide. xlOO
214
V . J
(
V
■»
Fig.% 29 8 vïeeks old obese mice (Cj-YBL/ôJ ob /ob). S p ec ific
sta irdng  for glucagon. Note the sm all i s l e t  ?dth 
large number o f glucagon-containing c e l l s ,  xlOO
TABLE 5 . 3
D is t r ibu t ion  of G i P  c e l l s  in g a s t r o in t e s t i n a l  t r a c t  of obe se  mice  and r a t s
and th e i r  lean l i t t e r  m ates
Age
(weeks) Number
*
Num ber  of 
G I P  c e l l s
Z u c k e r  fa t ty  r a t s 5 3 330 i  8
8 3 700 i  8
24 3 710 ± 7
Z u c k e r  lean r a t s 5 3 218 i  8
8 3 681 i  9
24 3 763 i  7
C57BL/6J  ob /ob 8 2 406 -  8
(hyperglycemic)  ,
8 2 294 i  6
(normaglycemic)
Lean 8 3 365 -  5
The G I P  c e l l s  w e r e  counted on 10 s e c t i o n s  fo r  each  animal 
All v a lue s  r e p r e s e n t  mean ±  s t a n d a r d  e r r o r  of the mean.
/
Z l b
5:4 Discuss ion
The i s le t  h y p e rp l a s ia  o bse rve d  in the obe se  Z u c k e r  r a t s  s h o w s  s e v e r a l  
in te r e s t in g  c h a r a c t e r i s t i c s .  In young an im als  the h y p e rp l a s i a  was  of m o d era te  
magnitude,  p r o g r e s s i n g  in s e v e r i t y  a s  the  an im als  g rew  o l d e r .  In o l d e r  an im als  
f i b r o s i s  and diffusion of be ta  ce l l s  w e r e  often m a r k e d .  Excep t  f o r  the  d i s r u p t io n  
of t h e i r  normal a r r a n g e m e n t ,  no c o n s i s t e n t  cha n g es  w e r e  noted  in the  o t h e r  
t h r e e  types  of c e l l s .  T h e s e  obviously did not undergo  any n o t ic e ab le  h y p e r ­
p l a s i a  s in c e  t h e i r  number p e r  insul in  ce l l  was  a lw ays  lower than  in lean a n im a l s .
The  i s l e t s  f rom ob /ob  mice showed h y p e r t r o p h y  of i s l e t s  with h y p e r p l a s i a  
o f  be ta  c e l l s .  In t h e i r  cel l  populat ion ,  namely a d e c r e a s e d  p r o p o r t i o n  of g l u c a g o n -  
som a tos ta t in ,  and p a n c re a t i c -p o ly p e p t id e  con ta in ing  c e l l s ,  coup le  with augmenta ­
t ion of the r e l a t i v e  amount of insul in  conta in ing c e l l s .  In a d d i t ion ,  a d e c r e a s e  
of non be ta  c e l l s  i n t e r r e l a t i o n s h i p s  was  noted in some of the big i s l e t s .
The h y p e r t r o p h y  and h y p e rp l a s ia  of be ta  c e l l s  in (G^7BL/6J  ob /ob)  mice 
was s im i la r  to ob /o b  m i c e , but the p r o p o r t i o n  of g lucagon ,  s o m a to s ta t i n  and P P  
c e l l s  r e l a t e d  to insul in  containing c e l l s  was  much h i g h e r .
Although the morphological  ch a n g es  of i s l e t s  in obese  an im als  f rom 
d i ff e ren t  s t r a i n s  had c e r t a i n  c h a r a c t e r i s t i c s  in common,  includ ing some d e g r e e  
of h y p e rp l a s ia  and h ype r t rophy  o r  d i sp lacem en t  of the cell  popu la t ion  from t h e i r  
c h a r a c t e r i s t i c  locat ion in the i s l e t s ,  t h e r e  w e r e  a l s o  m arked  d i f f e r e n c e s  within 
the g ro u p s  which have  been  pointed out .
F i b r o s i s  t i s s u e  formation in i s l e t s  was o b s e r v e d  only in Z u c k e r  fa t ty  r a t s ,
/
not in obe se  mice at the same age .  In all s t r a i n s  some d e g r e e  of d i s a r r a n g e m e n t  
of cel l  populat ion from th e i r  c h a r a c t e r i s t i c  locat ion in the i s l e t s  was  p r e s e n t .  
H ow e ver ,  it was m ore  obvious in Z u c k e r  fa t ty  r a t s  than in o b e s e  mice  from 
d if fe rent  s t r a i n s .  Within the i s l e t s  the m as s  of be ta  c e l l s  s e e m s  to f luc tua te  
numer ica l ly  i n v e r s e ly  to the remaining non B cel l  popu la t io n ,  but  in o b e s e  mice
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with Cg7BL/6J  backg round ,  a l t e r a t io n  in the p ro p o r t io n  of any e n d o c r in e  cel l  
t ypes  du r ing  hyperg lycem ic  syndrome w as  accompanied by a l t e r a t i o n  in the 
p r o p o r t io n  of the o the r  e ndoc r ine  c e l l s .
T r a n sp la n ta t io n  of p a n c r e a t i c  i s l e t s  f rom lean to obe se  mice  r e d u c e d  the 
weight  gain of the r e c i p i e n t s  (376 ,3 77) .  Th is  h a s  sug g e s t e d  (377) that  spon ta ne ous  
obes i ty  which de ve lops  in the h e r e d i t a r y  obese  mouse  r e s u l t s  f rom a m is s ing  
o r  ineffect ive  p a n c r e a t i c  f ac to r  o r  f a c t o r s  o r ig ina t ing  from the i s l e t s  of 
L a n g e rh a n s ,  and that th is  f ac to r  is r e q u i r e d  in normal g lucose  and lipid 
m etabo l i sm.  In r e c e n t  immunocytochemical  s tudy of Z u c k e r  (fat ty)  r a t s  (378) 
it h a s  been  sugges ted  that  the d i s a p p e a r a n c e  of P P  c e l l s  in o l d e r  fa t ty  r a t s  
might be  a f ac to r  in developing o b e s i t y .  H o w e v er ,  the p r e s e n t  inves t ig a t io n s  
do not ind ica te  any morphologic  c o u n te r p a r t  to the commonly rega rde d 'c l e f i c ie n t  
f a c t o r "  in the i s l e t s  of obese  r a t s  can  be g iven .
The  abi l i ty  of g lucose ,  when given o r a l l y ,  to p rovoke  g r e a t e r  insu l in  
r e s p o n s e  than that  achieved by the in t ravenous  a d m in is t r a t ion  of g lu c o s e  h a s  
led to the not ion that  an in test inal  f a c t o r ,  t r i g g e r e d  by o ra l  g lu c o s e  no rm a l ly  
f a c i l i t a t e s  insul in  r e l e a s e  (379, 380) .  Among a number  of known in te s t ina l  
ho rmones  G I P  h a s  been  shown d ram a t ic  e f f e c t s  on se rum  in su l in .  S i n c e  i s l e t  
h y p e rp l a s ia  s e em s  to p r o g r e s s  in r e l a t i o n  to food intake and c a n  be  c u r t a i l e d  
by reduc ing  food in take ,  o ral  feeding a p p e a r s  to be in tegra l  to i ts  deve lopm en t .  
Sup p o r t  fo r  the not ion of i n c r e a s e d  in te s t ina l  f a c t o r  funct ion in obe s i ty  i s  a ided 
by the o b s e rv e d  i n c r e a s e  of s ignif icant  l]iyperplasia of G I P  c e l l s  in the gut of 
o b /ob  mice (381).
H ow e ver ,  the p r e s e n t  s tud ie s  on Z u c k e r  (fatty) r a t s  and o b e s e  mice  with 
C57BL/6J  background  and t h e i r  lean l i t t e r  m ates  did not show s ign i f ic a n t  
d i f f e r e n c e s  in the number of G I P  c e l l s .  On the b a s i s  of th is  o b s e r v a t i o n  it
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is diff icul t  to o ffe r  a def in i te  a n s w e r  to w he the r  th is  e ndoc r ine  change  would 
affect  all h e r e d i t a r y  obese  animals  o r  not .  F u r t h e r  i nves t iga t ions  need  to be 
done .
Although t h e r e  is gene ra l  agreement  c o n c e r n in g  insul in  h y p e r s e c r e t i o n  
in gene t ic  and experimenta l  o b e s i ty ,  the s ign i f icance  of d i f f e r e n c e s  in glucagon 
s e c r e t i o n  which have been  r e p o r t e d  a r e  much l e s s  c o n s i s t e n t .
In this  inves t ig a t io n ,  while the number of g lucagon c e l l s  was  h i g h e r  in 
the obe se  mouse  with C^7BL/6J  b a c kg round ,  the p e r c e n ta g e  of A^ c e l l s  in the 
i s l e t s  in Z u c k e r  (fatty) r a t s  and ob /ob  mice was  p robab ly  reduc e d  due  to the 
i n c r e a s e  in the number of be ta  c e l l s .
D esp i te  the r educ t io n  of glucagon p roduc ing  c e l l s  in both o b /o b  mice  and 
Z u c k e r  r a t s ,  t h e i r  c i r c u la t in g  glucagon leve l s  have  been  r e p o r t e d  to d i f f e r .
Duluc e^. a L  (382) r e p o r t e d  high c i r c u l a t i n g  glucagon leve ls  in o b /o b  mice 
of 8 weeks  of age  and sugges ted  that  t h i s  is mainta ined  in sp i t e  of hype rg ly c em ia  
and h y p e r in su l ine m ia .  It ha s  been cla imed that  th is  could be due to the  lack in 
r e s p o n s e  of the A^ c e l l s  to s u p p r e s s io n  of  s e c r e t i o n  by c a r b o h y d r a t e  feed ing  (383).
Ea ton  eU a L  (384) have  indicated r e d u c e d  c i r c u la t in g  g lucagon l e v e l s  in 
Z u c k e r  r a t s  a s  aga in s t  i n c r e a s e d  leve ls  r e p o r t e d  in ob /ob  mice and r e d u c e d  
glucagon s e c r e t i o n  in vivo following a d m in is t r a t ion  of a rg i n i n .  They  s u g g e s t  
that  the s u p p r e s s io n  of glucagon is due to the high leve ls  of g lu c o s e  and in su l in  
in p lasma and p o s s ib ly  a l s o  the high p lasma f r e e  fat ty  a c id s .
In normal r a t s  by manipulat ion of the; r e l a t i v e  c o n c e n t r a t io n  of insu l in  and 
glucagon by exogenous  inject ion (385),  it h a s  been  hypothes ized  that  the r e l a t i v e  
c o n c en t ra t io n  of insul in  and glucagon is  a body weight  r e g u l a to r y  f ixed po in t .
H o w e v er ,  none of the work r e p o r t e d  would sugges t  that  abnorm al  g lucagon  
leve ls  play an important ro le  in genet ic  o b e s i t y ,  w h e r e a s  the r o l e  of insu l in  
would a p p e a r  to be  c r u c i a l .
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The  p r e s e n c e  of a r e l a t i v e ly  high number of glucagon c e l l s  in o b e s e  mice 
with C^7B L/6 J  b a c kg round ,  with the h y p e r p l a s i a  of be ta  c e l l s ,  would su g g e s t  
a bihormonal  d i s o r d e r  in development  of hype rg lycem ia  in t h e s e  a n im a ls .
T h r e e  l ines  of ev idence  now impl icate  glucagon a s  an e s s e n t i a l  c o - f a c t o r  
in the development  of endogenous hype rg lycem ia  (169 ,386) .  F i r s t l y ,  endogenous  
hyperg lycem ia  h a s  n e v e r  been  o b s e rv e d  in the a b s e n c e  of g lucagon .  E v e r y  form 
of d iabe t ic  and non d iabe t ic  hyperg lycem ia  so  f a r  inves t ig a ted  , including 
spon taneous  d i a b e t e s  in man and in the Chinese h a m s t e r ,  a l loxan  d i a b e t e s  in 
dogs and in r a t s ,  s t r ep to z o to c in  d i a b e t e s  in r a t s ,  di azox ide  and mannoheptulose 
induced d i a b e t e s  in d o g s ,  anti insul in  s e ru m  d i a b e t e s  in r a t s  (and the s t r e s s  
hype rg lycem ia  o b s e rv e d  in acu te  t r a u m a ,  b u r n s ,  myocardia l  i n fa r c t io n  and 
h a e m o r rh a g ic  shock) ,  is  accompanied  by r e l a t i v e  o r  abso lu te  h y p e rg lu c a g o n a e m ia .  
T h e s e  f indings  sugges t  that  the p r e s e n c e  of glucagon is  im por ta n t ,  if not  e s s e n t i a l ,  
f o r  the development  of endogenous h y p e rg ly c e m ia ,  it  i s ,  t h e r e f o r e ,  p r o p o s e d  
that  the major  phys iological  ro le  of insu l in  in g luco regu la t ion  is  in c o n t r o l l i n g  
g lucose  outflow from the e x t r a c e l l u l a r  s p a c e  into the insu l in  r e s p o n s i v e  t i s s u e s ,  
such a s  l i v e r ,  fat  and musc le;  t h e s e  a r e  l e s s  s e n s i t i v e  to insu l in  in o b e s e  
a n im a ls .  Whereas  glucagon e x e r t s  the p r im a r y  con tro l  o v e r  g lu c o s e  inflow from 
the l ive r  into the e x t r a c e l l u l a r  s p a c e .
If a s  r ec e n t ly  hypo thes ized  (138),  the  i s l e t s  c ons t i tu te  a func t ional  un i t ,  
the  loss  of normal  topograph ic  r e l a t i o n s h ip  be tw een  is le t  c e l l s ,  b e s i d e s  qua n t i ta t ive  
imbalance might be a no the r  f ac to r  fo r  isl/sts malfunct ion in o b e s e  an im a ls  (with 
o r  without  hyperg lycem ia) .
6
2 2 0
C H A PT E R  6
THE E F F E C T  OF NEUTRAL R E D ,  COBALT CHLORIDE AND IMMUNIZATION 
AG AINST GLUCAGON ON THE PA N C R E A T IC  I S L E T S  OF THE RAT
2 2 1
6:1 I n t roduc t ion
Glucagon and insul in p roduc ing  c e l l s  i n te r r e la t io n s h i p  in hea l th  and 
d i s e a s e  h a s  been  s tudied  by many w o r k e r s ,  a s  r ev iewed  in c h a p t e r  1.
F u r t h e r  invest igat ion  on the r o l e  of glucagon in the normal  r a t e  of insu l in  
s e c r e t i o n  h a s  c o n c en t ra t e d  on f a c t o r s  which induce glucagon d e f i c i e n c y .
The hyperg lycem ic  effect  of insu l in  de f i c iency  p ro d u ce d  by the a d m i n i s t r a ­
t ion of B cel l  cytotoxic  a g e n t s ,  f o r  example al loxan (387) o r  s t r e p to z o t o c i n  (388) 
and insul in  a n t i s e rum  (389,390) ,  is  well known.  H ow e ver ,  e x p e r im e n t s  to 
induce glucagon def i c iency with cytotox ic  agen ts  o r  a n t i s e r a  a g a in s t  glucagon 
have been  l e s s  in fo rmative .
The cy topa th ic  e ff ec ts  of c oba l tous  c h lo r id e  on the A^ c e l l s  and p a n c r e a t i c  
acini  of the guinea p ig ,  a s  r e v e a le d  by light m ic r o sc o p y ,  have  been  d e s c r i b e d  
( 9 , 1 0 , 1 1 ) .  Dist inctvacuol izat ion and de g ra n u la t i o n  of the A^ c e l l s  w as  r e p o r t e d  
a f t e r  two to t h r e e  dai ly  injec t ions  of coba l t  (391).
Van Compenhout  (392) r e p o r t e d  p a r i a i  d e g ra nu la t ion  in some A^ c e l l s  d u r in g  
the f i r s t  24 to 48 h o u r s  of t r e a tm e n t ,  but  Fodden  (391) did not f ind any cytological 
change  in the A^ c e l l s  dur ing  th is  t ime.
Lacyee t . a l . (393)d e s c r i b e d  m ic r o sc o p ic  ev id ence  ofvacUQlization and 
deg ranu la t ion  which did a p p e a r  in the A^ c e l l s  until a f t e r  t h r e e  da i ly  in je c t i o n s  
of coba l tous  c h lo r id e  (25mg/kg b . w . ) .
Te l ib  (394) o b s e rv e d  d e g r a n u l t * o f  A„ c e l l s  in r a b b i t s  1 -  4 h o u r sz
a f t e r  the in jec t ion ,  in which dev ia t ion  from the normal round s h a p e  of the  A^ 
g r a n u l e s  was  a l so  noted.  The d e g r e e  of A^ cell  damage  v a r i e d  c o n s id e r a b l y  
from animal to animal and from i s l e t  to i s l e t  in the same an im al .  S i m i l a r  
o b s e rv a t io n s  of va ry ing  d e g r e e s  of A^ cel l  d e g ra nu la t ion  o r  damage  have  b e e n  
r e p o r t e d  (394) in d o g s ,  in r a t s  (391) and in t e l e o s t s  (395).
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The cy totoxic  effect of neu t ra l  r ed  (amino-di  methyl ami no to luamino-z  inc 
hyd roch lo r ide )  on the c e l l s  of the p a n c r e a s  was  d e m o n s t r a t e d  by Okuda 
and h i s  c o - w o r k e r s  (396).  In vivo the effect  of neu tra l  r ed  upon insu l in  
s e c r e t i o n  h a s  been inves t iga ted  by B e n d e r  e L  aj_. (397). Body weight  i n c r e a s e  
in neu tra l  r ed  t r e a t e d  an imals  was  r e p o r t e d  and a t t r ib u t ed  to  A^ ce l l  da m a ge .
No h is to log ica l  examinat ion was  p e r f o r m e d .
The  effect  of ne u t r a l i z a t i o n  of g lucagon by a n t i s e rum  h a s  be e n  s t u d i e d .
An ac u te  blood g lucose  lowering e ffect  of anti  glucagon a n t i s e ru m  w a s  d e m o n s t r a t e d  
in 48 h r - f a s t e d  ad rena lec tom ized  r a t s  (398) and p re in c u b a t io n  with a n t ib o d ie s  
abo l i shed  the hyperg lycemic  effect (399).  A n t i s e ru m ,  h o w e v e r ,  did not a ffect  
blood g lucose  c o n c e n t r a t io n s  in fed o r  pos t  a b s o r p t iv e  an im als  ( 4 0 0 ,4 0 1 ) .  It 
was thought  that the v a r i a b le  effect  of anti  glucagon an t i s e ru m  a d m i n i s t r a t i o n  
could be  the r e s u l t  of incomplete  n e u t r a l i z a t i o n  of c i r c u l a t i n g  g lucagon (400) .
The  aims of th is  sec t ion  w e r e :
(a) to inves t iga te  the effec t  of neu t ra l  r e d  and cobal t  c h lo r i d e  on 
Ag c e l l s  of p a n c r e a t i c  i s l e t s  of r a t s ;
(b) to immunize r a t s  aga in s t  g lucagon and inves t iga te  t h e s e  an im a ls ;
(c) to t r e a t  animals  with a l l oxan  to examine s e n s i t i v i t y  of immuno­
cytochemica l  t echn ique .
6:2 M ate r ia l s  and Methods
A.  M a te r ia l s
(i) Animals:  ^
Wistar  Albino (W/A) and Hooded r a t s  w e r e  u sed  in the p r e s e n t  
s tudy .  Animals w e r e  aged 8 w eeks  at the beg inning of the s tudy  
; w e re  b red  in the U n iv e r s i ty  of S u r r e y  Animal Uni t .
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(ii) Chemica ls :
The  following c hem ica l s  w e r e  u s e d : -
from Raymond Lamb, U . K .Neut ra l  r ed  
( C . | . N o . 50040)
Cobal t  c h lo r ide
Alloxan
P o r c i n e  glucagon 
(Lot NO.258-V016-36)
G lu ta ra ld ehyde  EM: 
25% aqueous solut ion
F r e u n d ’s  adjuvant
Marcol  52
BCG v a c c i n e , B B , B N F
Egg albumin
H o r s e  se rum  N o . 5 
( inact ivated)
Apro t in in
Charco l  (Nori t  GSX) 
D e x t ra n  T-250
from B . D . H .  , U . K .
from B . D . H . , U . K .
from Eli  Lilly and C o . , 
Ind ianapo l i s ,  U . S . A .
from TAAB L a b o r a t o r i e s ,  U . K .
(D IFCO L a b o r a t o r i e s ,  U . K . )  
( E s s o  P e t ro le um  C o . , U . K . )  
(Glaxo L a b o r a t o r i e s  Ltd. , U . K . )  
(BDH Chemical L t d . ,  U . K . )
(WeiIcom R e a g e n t s  L t d . , U . K . )
(B a ye r  U . K .  Ltd. o r  
Novo R e s e a r c h  I n s t . , Novo Al le ,  
Dk-2880 ,  B a g s v a u d ,  Denmark)
(Hopkin and Wil l iams,
ChadwelI  Heath,- U . K . )
(P h a rm a c ia  G . B .  L td .)
B .  Methods
(i) Neu t ra l  red :
(a) P r e p a r a t i o n  of neu t ra l  r e d  solut ion:
Neutra l  r ed  (amino crtmethylaminotoluamino zinc h y d r o c h l o r id e )  
was  pur if ied  by s l igh t  modif icat ion of the method recommended  
by Okuda and Grol lman (396) ,  Th is  was a c com pl i she d  by 
d i s so lv ing  the dye  in a b so lu te  ethyl a lcohol  and f i l t e r in g  to 
remove any inso luble  m a t t e r .  Two volumes  of co ld (4°C) hexane  
w e re  then added to the f i l t r a t e  and the p r e c i p i t a t e  fo rm ed  was
co l l ec ted  and d r i e d  at  110 C .
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The r e c r y s t a l l i z e d  dye was  d i s s o lv e d  in 0 .09%  sa l in e  
solu t ion by s l igh t ly  hea t ing  in a b e a k e r  with a magnet ic  s t i r r e r  
f o r  2 h r .  T h i s  so lu t ion  w as  then s t e r i l i z e d  f o r  15 min at  150°C 
and p r e s s u r e  of 15 a tm o s p h e r e s .
(b) T re a tm e n t  of animals :
The  effect  of neu t r a l  r ed  was  inves t iga ted  in t h r e e  s e r i e s  
of e x p e r i m e n t s : -
1. With weekly inject ion of neu tr a l  r e d .  F o r  t h i s  p u r p o s e  
20 eight  weeks  old male Wis ta r  r a t s  w e r e  u s e d .  They  
w e r e  d iv ided equa l ly  in t e s t  and con t ro l  g r o u p s .  The  t e s t  
group was in jec ted in te r a p e r i t o n e a l ly  with 2% n e u t r a l  r e d  
in d o s e s  of 5m I /kg of body weight  e v e r y  week f o r  5 w e e k s .  
C o n t r o l s  r e c e iv e d  0.9% s a l in e  so lu t ion  5m I /kg body w e igh t .  
A f te r  5 weeks  the animals  in each  group  w e r e  d iv ided  into 
two s u b g r o u p s ,  and one subgroup  con t inued  to r e c e i v e  
weekly in jec t ion of e i t h e r  neu t ra l  r e d  o r  s a l i n e  wh i l s t  the 
o t h e r  subgroup  r e c e iv e d  no f u r t h e r  i n je c t i o n .
2 .  T h e s e  e x p e r im e n t s  w e r e  to de te rm in e  the  minimum lethal  
do s e  (MLD) of neu t ra l  r e d .
F o r  th is  p u r p o s e  25 male Wis ta r  (W/A) r a t s ,  200g b . w . , 
w e r e  divided  into 5 weight  m a tched ,  and they w e r e  ind i ­
vidual  ly marked  ; 5 /male Hooded r a t s ,  200g b . w . , w e r e  
a l loca ted  to a s ixth group to f ind out if t h e r e  i s  a s t r a i n  
d i f f e r e n c e .  E v e r y  r a t  r e c e iv e d  d a i l y ,  f rom Monday to 
F r i d a y ,  5mI of s a l i n e / k g  b . w .  i n t e r p e r i t o n e a l l y  a s  f o l l o w s : -
W ista r /A ib îno  r a t s :
Group A 2% neu t ra l  r ed
B 1.5% neutra l  r ed  
G 1% neut ra l  r ed  
D 0 .5%  neutra l  r ed  
E 0% neu tr a l  r ed  
Hooded
Group F  1% neu t ra l  r ed  
3 .  The th i r d  experiment  was  c a r r i e d  out on 30 r a t s  d iv ided  
into t h r e e  g r o u p s ,  r e c e iv in g  1 .5%, 1% and 0% n e u t r a l  r ed  
da i ly  f rom Monday to F r i d a y .  The  pH of n e u t r a l  r e d  f o r  
th is  group  of an im als  was  ad jus ted  to 7 . 2  by adding  O .I N  
sodium h y d r o x id e .
(ii) Cobal t  c h lo r id e  t r ea tm en t  of an imals:
A s t e r i l i z e d  so lu t ion  of normal s a l i n e  con ta in ing  8mg CoGj^ 
bH^O/ml was  u se d .
F o r  s h o r t  term s t u d i e s ,  10 eight  w eeks  old male r a t s  (W/A) 
w e r e  divided into two t e s t  and cont ro l  g r o u p s .  T e s t  g roup  w as  g iven 
4mg CoClg GHgo/lOOg b . w .  subcu taneous ly  f o r  10 d a y s ,  with one  
week r e s t  a f t e r  f i r s t  f ive in je c t i o n s .  C o n t r o l s  r e c e i v e d  normal  s a l i n e .
Long term effect  of coba^lt c h lo r id e  on the p a n c r e a s  w as  examined  
4 and 12 months a f t e r  the las t  injec t ion of CoCI^.
The  spec im ens  of p a n c r e a s  in t h i s  exper imen t  w e r e  ob ta ined  
from H . A .  Mahmood in the Depa r tm en t  of B io c h e m is t r y  in the  U n i v e r s i t y  
of S u r r e y .
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(iîi) Alloxan t rea tm ent  of r a t s :
8 eight  weeks  old male r a t s  w e r e  d ivided  into two g r o u p s .
5% al loxan d i s s o lv e d  in normal s a l i n e  was  a d m in i s t e r e d  to r a t s  by 
in t r a pe r i tone a l  in jec t ion  at 100 and 200mg/kg b . w .
(iv) Glucagon immunized r a t  expe r im en t s :
B e c a u s e  of i ts  low m o le c u la r  weight ,  g lucagon  is  a p o o r  immunogen.  
S e v e ra l  methods fo r  p roduc ing  g lucagon anti  s e rum  in r a b b i t s  and 
o th e r  s p e c i e s  have  p r e v i o u s ly  been  d e s c r i b e d .  Unger  e L  a L  (402) 
immunized r a b b i t s  with p o r c i n e  glucagon emulsif ied  in F r e u n d ' s  ad ju van t  
Grodsky  e L  aj_. (403) u sed  glucagon con juga ted  to the c a r r i e r  p r o t e i n  
ovalbumin to i n c r e a s e  the immunogenicity of the ho rm one .
Subsequen t  methods  (398,405)  used  g lucagon con ju ga ted  with 
g lu te ra ldehyde  o r  c a rbod i in ide  to o th e r  p r o t e i n s .  In most  c a s e s ,  
F r e u n d ' s  adjuvant  h a s  been  used a s  an e m u l s i f i e r  (402) but  Bayol  
a r l a c e l  can  a l s o  be used  (403).  Both the rou te  of a d m in i s t r a t io n  of 
the immunogen and the length of t ime be tw een  the 1st (p r imary )  
immunization and subsequen t  (boosting) immunizat ions a p p e a r  to be  
impor tan t .  Glucagon a n t i s e r a  h a s  been  p r o d u c e d  u n d e r  a v a r i e t y  
of immunization s c h e m e s .  Unger  eU aj_. (402) b o os te d  on a monthly 
b a s i s ,  whils t  o t h e r s ,  e . g .  G rodsky  e L  aj_. (403), left the an im als  
to r e s t  fo r  a few months b e f o r e  b o o s t in g .
It is thus  diff icul t  to d r a w  any c o n c lu s io n s  from the l i t e r a t u r e
i
on the ideal method o r  cond i t ions  fo r  the b e s t  r e s u l t s .  H o w e v e r ,  
the method used  in th i s  inves t ig a t io n  is  b a s e d  on the p r o c e d u r e  in 
use  in the B iochem is t ry  Departm ent  at  the U n iv e r s i ty  of S u r r e y  to 
p roduce  a n t i s e r a  aga ins t  many g a s t r o in t e s t i n a l  h o r m o n e s .
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(a) Animals:
40 eight  weeks  old male r a t s  (W/A) weighing 210g w e r e  
ob ta ined .  They  w e r e  divided into t h r e e  weight  matched  g roups :
1. 10 con t ro l  non immunized.
2 .  10 sham immunized c o n t r o l s .
3 .  20 experimenta l  in jec ted  g lucagoh -egg  albumin 
con juga ted  l inked with g l u t a r a l d e h y d e .
The  an imals  w e r e  individual ly m arked  and c aged  in g r o u p s .
(b) Immunization of r a t s  a ga in s t  glucagon:
The fol lowing p r o c e d u r e  was  used  fo r  the p ro d u c t io n  of 
the conjuga te  ( suff ic ient  f o r  20 an im a ls ) .
2mg glucagon was  d i s s o lv e d  in 0 .5ml O.Oi 'MNaOHfollowed 
by 0.5ml s t e r i l i z e d  d i s t i l l ed  w a t e r .
4mg egg albumin was  d i s s o lv e d  in 1ml g lu ta r a ld e h y d e  
(1 : lOOv/v di lu ted  from the s tock  in d i s t i l l e d  w a t e r ) .
The  above two so lu t ions  w e r e  mixed and 0.5ml of BCG 
vacc ine  was added .
F o r  each  two r a t s ,  250ul of the r e s u l t a n t  m ix tu re  w a s  put  
into a s y r in g e  a t t a ch e d  to a n o th e r  s y r i n g e  by a doub le -hubbed  
c o n n e c t o r .  The  second  s y r i n g e  con ta ined  250ml of F r e u n d ' s  
complete  adjuvant  and the two l iquids  w e r e  mixed by p a s s i n g  
them back and fo r th  betVveen the  two s y r i n g e s .  The  r e s u l t a n t  
emulsion became s t a b l e  a f t e r  about  20 -  30 t r a n s f e r s .  The  
s tab i l i ty  of the emulsion was  t e s t e d  by p lac ing  a d r o p  on a 
c l e a r  w a te r  s u r f a c e .  If the d ro p  s ta ye d  f i rm ,  the emuls ion  
could be used  f o r  in jec t ion .
2 2 8
The  emulsion was  in jec ted (within 2 min of emulsifying)  
into each r a t ,  250ml in t r a m u s c u la r ly  at  4 s i t e s  and s u b ­
cu taneous ly  at  1 s i t e  on abdominal  (50ul of emulsion p e r  s i t e ) .
Sham immunized c o n t r o l s :  T h i s  g ro u p s  of an im als  was  
immunized in the  sam e  way a s  d e s c r i b e d  a b o v e ,  whi l s t  the 
emulsion con ta ined  no g lucagon .
(c) B leeding  p r o c e d u r e :
A sample of blood (0 .5  -  1ml) f rom all the an im a ls  w as
obtained from the t a i l .  The  blood was  c o l l e c te d  in small  b o t t l e s
and then left to s ta nd  at  room t e m p e r a t u r e  o v e r n i g h t .  The  next
day the blood was  spun at 2500 r . p . m .  ( 1 ,900g)  and the s e ru m
was  co l l ec ted  f o r  a s s e s s m e n t  of a n t i s e r a .  The  f i r s t  s a m p le s
w e r e  co l l ec ted  a f t e r  3 weeks  immunizat ion.  S u b s e q u e n t  s a m p le s
w e r e  obtained  at  6 w e e k s ,  16 weeks  and 36 w e e ks  i n t e r v a l s
and the s e r a  obtained  at week ly i n t e r v a l s  and the  s e r a  ob ta ined
from all the s am p les  w e r e  t e s t e d  fo r  the p r e s e n c e  of a n t i b o d ie s ,
by c o n s t r u c t in g  ant ibody di lut ion c u r v e s .  The  t i t r e s  w e r e
monito red  in all  c a s e s ;  t i t r e  be ing de f ined  a s  the d i lu t ion  of
125the an t i s e rum  at which ha lf  maximum binding  of  l -g lucagon  
to antibody is ob ta ined .
(d) Boos t ing p r o c e d u r e :
During the c o u r s e  ^f t h i s  s tudy  the an im als  w e r e  b o o s te d  
only once ,  10 months a f t e r  the p r i m a r y  immunizat ion.  T h e  
same immunization method was  fo l lowed.
(e) A s s e s s m e n t  of a n t i s e r a :
1. A s s a y  b u f f e r ,  0.04M p h o s p h a te ,  pH 7 . 4 ,  was  made  up
a s  f o l low s : -
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23 .0 0 g  Disodium hydrogen  phospha te  ( anhydrous )
5 .9 7 g  Sodium d ih ydrogen  phospha te  d i h y d ra t e
1 .25g  T h io m e r s a l a te
The  above s a l t s  w e r e  d i s s o lv e d  in d o u b le - d e io n iz e d  w a t e r
and made up to 5 1 and pH was  c h e c k e d .  The  b u f fe r  s t o r e d
at 4°C and used  fo r  up to 4 mon ths .
1252.  l -g lu c a g o n  was  p r e p a r e d  by D.  T s ioL a k is  in the
B io c h e m is t ry  Depar tm ent  of the U n ive r s i ty  of S u r r e y  on 
the b a s i s  of the c h lo r a m in e -T  method (404) .  The  s tock  
solu t ion  was used  in a di lut ion  of 1:30.
3 .  P r e p a r a t i o n  of c h a rc o a l  su s p en s io n  fo r  a s s a y  s e p a r a t i o n :  
The  s u s p e n s io n  was  made by mixing 5g of c h a r c o a l  and
0 . 5 g  d e x t r a n  with 500ml of the a s s a y  bu f fe r  to fo rm a s toc k  
so lu t ion  (which should be  made at  leas t  24 h r  b e f o r e  u s e ) . 
Th i s  was p r e p a r e d  e v e ry  4 months .  F o r  u s e  in the  a s s a y ,  
t h i s  su s p e n s io n  was di lu ted  1/4 (v/v )  with the a s s a y  b u f fe r  
to give a final c o n c e n t r a t io n  of 0 .25% (w/v)  c h a r c o a l .  One 
volume of h o r s e  s e rum  ( N o .5) was  then added  to 9 vo lumes  
of di lu ted  c h a rc o a l  s l u r r y  and the m ix tu re  s t i r r e d  on a 
magnet ic  s t i r r e r  d u r ing  addi t ion  to the a s s a y  t u b e s .
4 .  Antibody di lut ion c u rv e :  Antibody di lu t ion  c u r v e s  w e r e  s e t
up by s e r i a l l y  d i l u ^ n g  a n t i s e r a  to c o v e r  a s u i t a b l e  r a n g e
(from 1:10 to 1:320 d i lu t ions ) .  A lOOul p o r t i o n  of the
r e s u l t i n g  di luted a n t i s e r a  was  incubated fo r  48 h r  a t  4 °C  
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with 100 ul l - g l u c a g o n ,  100 ul phospha te  bu f f e r  (pH 7 . 4 ) ,  
50 ml T r a sy lo l  (5000 un i t s /m l )  and 100 ul h o r s e  s e r u m  N o . 5 .
2 3 0
125In total  the tubes  con ta ined  only 100 ul l -g lu c a g o n
and the non spec i f ic  binding tubes  (NSB) r e c e i v e d  no
a n t i s e r a .  At the end of the incubat ion p e r i o d ,  the ice
cold c h a rc o a l  s u s p e n s io n  was  added to all t ubes  excep t
the t o t a l s ,  and the tubes  w e r e  left to s tand  at  4^C f o r  10
min b e fo r e  be in g  cen t r i fuged  fo r  30 min at  2500 r . p . m .
(G=1700) and 4 ° C . Af te r  s e p a r a t i n g  the s u p e r n a t a n t ,  the
c h a rc o a l  p e l l e t s  w e r e  counted in an au tomatic  ^ - c o u n t e r
( LKB Via] l a c  ) and the p e r c e n t a g e  b inding was
ca lc u la t e d  a s  fo l low s : -
Counts  of the NSB -  Counts  of the s a m p le s
%B = ---------------------------------------------------------- :----------- X 100
Total  coun ts
125The  p e r c e n t a g e  binding of l -g lu c ag o n  w a s  p lo t t ed  a g a in s t  
the di lut ion of the anti  s e rum  ( F ig .  6 . 1 ) .
(f) The  following inves t iga t ions  w e r e  c a r r i e d  out:
1. Body weight
2 .  Blood g lucose  l e v e l s .
3 .  P l a sm a  insu l in  l eve ls  in glucagon immunized e x p e r i m e n t s .
4 .  P l a sm a  glucagon leve ls  in neu tr a l  r e d - t r e a t e d  e x p e r i m e n t s .
5 .  P l a sm a  f r e e  fat ty  a c id s  (FFA)  leve l s  in g lucagon 
immunized e x p e r i m e n t s .
6 .  P l a sm a  t r i g l y c é r i d e s  leve ls  in g lucagon immunized e x p e r im e n t s
7 .  Glucose  t o l e r a n c e  t e s t s  w e r e  p e r f o r m e d .
8 .  Arg in in e  t o l e r a n c e  t e s t s  w e r e  p e r f o r m e d .
9 .  Histo logical  and immunocytochemical  s t u d i e s  on the  
p a n c r e a s  of a n im a ls .
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F ig .6 .1  Antihody d ilu tio n  curves o f  the second bleed o f  some o f  
the immunized animals vjith d if fe r e n t  t i t r e  a f te r  primary 
immunization.
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V. Body weight  was  m e a s u r e d  week ly .
2 , 3 .  Blood g lucose  and p lasm a  insul in  l eve l s  w e r e  m e a s u r e d  
a s  d e s c r i b e d  p r e v i o u s ly  ( c h a p te r  5) .
4 .  P l a sm a  glucagon:
Blood sam ples  f rom the tail  o r  h e a r t  w e r e  c o l l e c t e d  and 
immediately p lac e d  into a he p a r in tu b e  con ta in ing  T r a s y l o l  
(Aprot inin)  (10 ,000  uni ts  p e r  ml) and mixed by i n v e r s io n .
The  tubes  w e r e  plunged into an ice bucke t  and then p lasm a  
w e r e  s e p a r a t e d  by ce n t r i fuga t ion  within 5 min of c o l l e c t i o n .  
The  sam ples  w e re  s t o r e d  at  -2 0 ° C  until  r e q u i r e d  fo r  a s s a y .  
The  es t imat ion of glucagon was  g e n e ro u s ly  p e r f o r m e d  by 
D .  T s i o l a k i s  in the B io c h e m is t ry  Depa r tm en t  of the  U n iv e r s i ty  
of S u r r e y  using  p o r c i n e  glucagon a s  s t a n d a r d .
5 .  Measurement  of f r e e  fa t ty  ac ids :
F F A  leve ls  w e r e  m e a s u r e d  c o lo r i m e t r i c a l l y  us in g  a ki t  
method supp l ied by B o e h r in g e r  Mannheim ( C a t .  No.  15997) . 
in th is  method the F F A  a r e  c o n v e r t e d  to c h lo r o f o r m - s o l u b le  
c o p p e r  s a l t s .  The  c o p p e r  in the o r g a n i c  l a y e r  is s u b ­
sequen t ly  m e a s u r e d  c o l o r i m e t r i c a l l y . The  c o n c e n t r a t i o n  
of F F A  is  p ro p o r t io n e d  to the a b s o r b a n c e  of the  c o p p e r -  
containing c h lo r o f o rm .
6 .  T r i g l y c e r i d e s :  i
T r i g l y c e r i d e s  w e r e  m e a s u r e d  s p e c t r o p h o to m e t r i c a l l y  us ing  
a kit method suppl ied by B o e h r i n g e r  Mannheim ( C a t . N o .  15989) . 
The  p r in c ip le  of the method is a s  f o l l o w s : -
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T r i g l y c e r i d e s — g lyce ro l  + FFA
. Glycero l  + A T P -----------g ly c e r o l - S p h o s p h a te  + ADR
P K
ADP + P E P ------------p y r u v a t e  + A T P
P y r u v a te  + NADH + — Lacta te  + NAD^
The  d i s a p p e a r a n c e  r a t e  of NADH + is  m e a s u r e d  at  
340nm, which is  p ro p o r t io n a l  to the l eve l s  of t r i g l y c e r i d e s  
p r e s e n t  in the s a m p le .  The  method h a s  acoefficienfe•/VariationOf4.2%at 
1 .7  nmoles /1 t r i g l y c e r i d e  c o n c e n t r a t i o n .
7 .  G lucose  t o l e r a n c e  t e s t  (GTT):
The  GTT was  p e r f o r m e d  in a n a e s t h e t i z e d  and c o n s c i o u s  
a n im a ls .  A f te r  an 18 h r  f a s t ,  an imals  w e r e  a n a e s t h e t i s e d  
with Nembutal  (6mg/100g body weight ) .  F a s t i n g  blood 
sam ples  w e re  withdrawn from the t a i l .  50% g lu c o s e  
solu t ion was  given  o r a l l y  by a cannula  at  a  d o s e  level  of 
2 g /kg  b . w .  Tai l  blood was  c o l l e c te d  a f t e r  30 ,  6 0 ,  9 0 ,
120, 150 and 180 min of g lucose  a d m i n i s t r a t i o n .  All blood 
samples  f o r  g lucose  m easu rem en t  w e r e  c o l l e c t e d  in 0 . 3 3  
p e r c h l o r i c  a c id ,  cen t r i fu g e d  and the g lu c o s e  l ev e l s  a s s a y e d .
Blood sam ples  w e r e  a l s o  c o l l e c t e d  to m e a s u r e  insul in  l e v e l s .
8 .  Arg in in e  t o l e r a n c e  t e s t :
Fo l lowing a n a e s t h e s i a  with Nembutal ,  b lood sa m p le s  w e r e  
co l l ec ted  from the t^il to m e a s u r e  g lucose  l e v e l s .  A rg in in e  
was  given i . p .  at a d o s a g e  of 2 g /k g  body we igh t .  Blood 
samples  w e r e  co l l e c te d  from the tail a f t e r  5 ,  10, 15, 30 
and 60 min.
In the th i rd  experimenta l  g roup  of neu t ra l  r e d  t r e a t e d  r a t s ,  
the  a rg in ine  was  given at  high dosa ge  ( 5g /kg  b . w . )  and blood 
samples  w e re  co l l e c t e d  a f t e r  5 min fo r  a s s e s s m e n t  of 
glucagon and g lu c o s e .
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9 .  Cytological  s tu d i e s  of the p a n c r e a t i c  i s le t  c e l l s :
P a n c r e a t i c  t i s s u e  from all  an imals  was  c o l l e c t e d  and 
f ixed in 15% fo rm a l in .  P a r a f f in  embedded s e c t i o n s  w e r e  
p r e p a r e d  and s ta ine d  by the immunoperox idase  method 
for  insul in  and g lucogen  PP and s o m a t o s t a t i n  s e c r e t i n g  
c e l l s  a s  d e s c r i b e d  p r e v i o u s l y  (C h a p te r  2 ) .  H aem atoxy l in  
S Eos in  s t a i n e d  s e c t i o n s  were  a l s o  p r e p a r e d .
6:3 R e s u l t s
(i) The  effect  of ne u tra l  r ed  on:-
(a) Body weight:
In all s e r i e s  of e x p e r i m e n t s ,  t h e r e  was  a d e c r e a s e  in the body 
weight  of the experimental  an im als  a s  com pared  with c o n t r o l s .
R e s u l t s  a s  ind ica ted in F i g . 6 . 2  show in the f i r s t  e xpe r im e n t  
that  the body weight  of th o se  an im als  which r e c e iv e d  n e u t r a l  r e d  fo r  
l onger  p e r i o d s  was lower than that  of those  an im als  t r e a t e d  only fo r  
5 w e e k s .
F i g .  6 . 3  shows  the c o r r e l a t i o n  be tw een  body weight  and d o s a g e  
of neu t ra l  r e d  in the second  e x p e r im e n t .  The  an im als  t r e a t e d  with a 
h ig h e r  d o s a g e  of ne u tra l  r e d  have  a lower  body w e igh t .  The  o b s e r v e d  
d e c r e a s e  in body weight  w as  due  p r i m a r i l y  to the  effect  of neu t ra l  
r ed  on food intake .
Food  intake was  examined in an im als  r e c e iv in g  1.5% and 1% 
neu tr a l  r e d  dai ly  and was found l e s s  than 1/3 and 1/2 r e s p e c t i v e l y  
of c o n t r o l s '  food consumption.
In the second  experiment  at  the end of the f i r s t  w eek ,  an im a ls  
t r e a t e d  da i ly  with 2% of n e u t r a l  r e d  d ied .
% o f bodyweight change in relation to initial bodyweight
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4 r a t s  out of 5 f rom the second  group of neu t r a l  r e d  t r e a t e d  
r a t s  w e r e  a l so  found in coma at  the end of the second  week and w e re  
k i l l ed  fo r  examinat ion.
(b) Blood g lucose  and p la sm a  glucagon leve ls :
Acute  effect of n e u t r a l  r ed  on blood g lucose  l e v e l s .  Blood 
g lucose  was m e a s u r e d  fol lowing the injec t ion of neu t ra l  r e d  to fed 
an im als  at 0 ,  10, 20 ,  30 ,  60 and 120 min i n t e r v a l s .  C o n t r o l s  
r e c e iv e d  normal s a l i n e .
As F i g ,  6 . 4  s h o w s ,  no s ign i f ican t  cha n g es  w e r e  o b s e r v e d  in 
blood g lucose  leve ls  a f t e r  in jec t ion  of neu tra l  r e d .
As shown in Tab le  6 . 1 ,  in the f i r s t  experiment  t r e a t e d  animals  
had s im i l a r  blood g lucose  l eve ls  to t h e i r  f a s t ed  and fed c o n t r o l s .
P la sm a  glucagon leve ls  of the t e s t  a n im a ls ,  in both s h o r t  t erm and 
long term t r e a t m e n t s ,  w e r e  h i g h e r  than c o n t r o l s , but  not s ign i f ican t ly  so,  
In the second  e x p e r im e n t ,  in which an im als  r e c e iv e d  h i g h e r  
d o s e s  of neu tr a l  r e d ,  the level  of blood g lucose  w as  lower  in neu t ra l  
r ed  t r e a t e d ,  fed o r  f a s t e d  an im als  a s  compared  with c o n t r o l s  (Tab le  6 . 2 ) .  
P la sm a  glucagon leve ls  v a r i e d  in d i f fe ren t  t e s t  g r o u p s  a s  c om pa red  
with con tro l  g r o u p s .  In some of them it was  h i g h e r  than con t ro l  
g roups  and in o t h e r s  it w a s  lower  (Table  6 . 3 ) .
To i n c r e a s e  the s e c r e t i o n  of the glucagon c e l l s  in the th i r d  
experiment  the amino ac id  a rg in in e  was a d m in i s t e re d  in v e r y  l a r g e  
d o s e s  (3g /kg  b . w . )  to a n im a l s ,  and blood sam ples  w e r e  c o l l e c t e d  
by h e a r t  p u n c tu re  f ive min l a t e r .  The p lasm a  glucagon l eve ls  in 
the neu t ra l  r ed  t r e a t e d  an im als  w e r e  found to be  h i g h e r  than  c o n t r o l s ,  
but not s ign i f icant ly  so  (T a b le  6 . 4 ) .
TABLE 6 .1
Average weights, plasma glucagon and blood glucose levels  
of neutral red treated rats in the lusted and fed s ta tes .
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F a s t e d Fed
Weight
g
G lucose  
mg/100ml
Glucagon
pg/ml
Glucose  
mg/100ml
Glucagon
pg/ml
S h o r t  t erm 
T e s t 438 i  30 100 -  6 405 -  344 114 i  4 451 -  271
Con t rol 511 i  32 104 -  4 316 i  225 1 1 6 - 4 203 i  75
Long te rm
T e s t 496 -  19 101 -  5 371 i  144 1 1 3 - 4 269 -  127
Cont ro l 418 -  16 105 -  5 226 -  133 120 -  6 261 i  202
F a s t e d  a s s a y s  w e r e  obtained a f t e r  18 h r  of food d e p r i v a t i o n .
Va lues  a r e  the mean -  S . D .  of 5 an im als  in each  g r o u p .
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F ig ,6 ,4  Glucose responses to an in tra p er ito n ea l in je c t io n  o f  s a lin e  only  
(con tro l) and neutral red in  anaesthetized  fed  r a ts .
Each poin t represents mean -  S.B.K, o f  5 anim als.
TABLE 6 . 2
Blood glucose levels  of neutral red treated and control 
rats in the fasted and fed sta tes .
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'
mg/IOOm n = 4
A
*
B C D E. F
F a s t e d - - 75 -  12 80 i  6 9 2 - 2 8 7 - 3
Fed 59 - 1 7 90 i  9 1 1 7 - 8 127 -  10 96 i  5
F a s t e d  a s s a y s  w e r e  ob tained  a f t e r  18 h r  of food d e p r iv a t io n .  
Values  a r e  the mean -  S . D .  of 4 an im als  In each  g r o u p .
Blood g lucose  level of B group was  m e a s u r e d  at the end of the s e co n d  w eek .
TABLE 6 . 3
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Plasm a glucagon leve ls  of neutral red treated and control 
rats in the fasted and fed states.
pg/ml n = 4
*
A B C D E F
F a s t e d - - 71 i  42 184 -  48 248 -  138 17 -  21
Fed
■
408 -  187 46 -  22 68 i  43 45 i  26 145 i  29
Values  a r e  the mean -  S . D .  of 4 an im als  in each  g r o u p .
TABLE 6 . 4
Plasm a glucagon levels  of neutral red ti’eated and control 
animals after arginine infusion.
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pg/ml  n = 10
Fe d
A (1.5%)
%
354 -  214
B ( l % )  
370 -  179
C (0% )
323 -  164
Values  a r e  the mean -  S . D .  of 10 an im als  in e ach  g r o u p .
Animals  w e r e  t r e a t e d  fo r  a p e r i o d  of 3 w e e k s .
(c) Histo logica l  and immunocytochemical s tudy  of p a n c r e a s :
F r e s h  f ro z e n  s e c t i o n s  of the p a n c r e a s  w e r e  examined m ic r o ­
sc op ic a l ly  at 30 ,  60 and 90 min fol lowing inject ion  of neu tra l  r e d .
The  t i s s u e  s e c t i o n s  w e r e  g e n e ra l l y  s ta ine d  to a s l ight  d e g r e e .
No c o n t r a s t  was  found in the in tens i ty  of s ta in ing  be tw een  p e r i p h e r a l  
c e l l s  of i s l e t s  and the be ta  c e l l s ,
Immunocytochemical  s ta in in g  of p a n c r e a t i c  s e c t i o n s  did not 
show any d i s t ingu ishab le  c h a n g e s  in experimenta l  an im als  a s  c o m p a red  
with t h e i r  c o n t r o l s  (F ig .  6 . 5 ) .
All 4 types  of is le t  c e l l s  w e r e  p r e s e n t  in all the  an imals  examined .  
The  number and s i z e  of glucagon c e l l s  w e r e  normal in all g ro u p s  of 
neu tra l  r ed  t r e a t e d  r a t s ,  a s  com pared  with con tro l  an im a ls .  H o w e v e r ,  
the s i z e  of i s l e t s  of t e s t  an im als  a p p e a r e d  to be s m a l l e r  in the s e cond  
and th i rd  e x p e r im e n t s .
Glucose  and a rg in ine  t o l e r a n c e  t e s t s  w e r e  p e r f o r m e d  only on 
an imals  given a once weekly in jec t ion  of neu t ra l  r e d .
(d) G lucose  t o l e r a n c e  tes t :
As shown in F i g .  6 . 6 ,  the r a t e  of d i s a p p e a r a n c e  of blood 
g lucose  fol lowing o ra l  g lucose  adm in i s t r a t io n  is s im i l a r  in both g r o u p s  
of r a t s .
(e) Arg in in e  t o l e r a n c e  tes t :
To i n c r e a s e  the s e c r e t o r y  s t a t e  of the glucagon c e l l s  in a n im a l s ,
I
the amino ac id  a rg in ine  was  a d m in i s t e r e d  in v e r y  l a r g e  d o s e s .  As 
shown in F i g .  6 . 7 ,  both neu t ra l  r e d  t r e a t e d  and con tro l  r a t s  
d e m o n s t ra t ed  a s teady  r i s e  in p lasm a  g lucose  c o n c e n t r a t io n  which 
was  s im i la r  in both g roups  of an im a ls .  No s ign i f ican t  change  w as  
found in the level of glucose  in neu t r a l  r e d  t r e a t e d  r a t s  a s  c o m p a re d  
with the c o n t r o l s .
.f» *
)
\
A. Glucagon contain ing (A^) c e l l s  o f  rat in jec ted  with neutral 
red once weekly for  5 weeks.
rv
V J
B, Glucagon containing (A„) c e l l s  o f  ra t in jec ted  with  
neutral red d a ily  for  ) ddys.
F ig .6 .5 S p ec ific  s ta in in g  o f  A (A ) c e l l s  o f pancreas o f ra ts
(a and B) treated with neutral red fo r  varying periods, Iciinuno-
peroxidase s ta in in g  method with s p e c if ic  rabb it ariti 
porcine glucagon serum, xlOO
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P ig ,6 .6  Glucose tolerance curve fo r  weekly neutral red treated  and 
control r a ts , (The rats were in jec ted  with neutral red once 
weekly for 6 weelcs. )  Glucose was given o r a lly  in  50^ " so lu tio n  
by stomach tube a t 2g/kg bodyweight in to  anaesthetized  fa sted  r a ts .  
Results are expressed as the mean -  S.E.M. n=4 fo r  each group 
o f anim als, "
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F ig .6. 7 Arginine tolerance te s t  fo r  weekly n eutral red in je c te d  ra ts  
(6 weeks) and con tro ls . E ffe c t  o f  high dose argin ine admini­
stra  tjon (2g/kg b .w .) on blood g lu cose. Each poin t represents  
mean -  S.E.H. o f  4 anim als.
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(ii) The  effect  of Coba l t  C h l o r i d e  (CoClo)*
A dm in is t ra t ion  of CoClg to r a t s  in s h o r t  t e rm  e x p e r im e n t s  did not 
r e s u l t  in any s igni f icant  change  in the body weight  o r  blood g lucose  a s  
c om pared  with cont ro l  a n i m a l s . '
H is to logica l  and immunocytochemical s tudy  of the p a n c r e a t i c  i s l e t s :  
Like neu t r a l  r e d ,  adm in is t ra t ion  of CoGIg did not change  the popula t ion 
of i s le t  c e l l s .  No diminit ion w as  o b s e r v e d  in the s i z e  o r  number  of A_ 
c e l l s  o r  any o th e r  c e l l s .  The  c e l l s  w e r e  in r e g u l a r  m a s s e s  and number  
a s  com pared  with con tro l  a n im a ls .
In some an imals  a few e x t r a  is le t  c e l l s  w e r e  o b s e r v e d  s t a in ing  with 
the anti  glucagon s e r a  (F ig .  6 . 8 ) .
The  a p p e a r a n c e  of the i s le t  c e l l s  in the long term t r e a t e d  an im als  
a l s o  seemed  normal  a s  compared  with c o n t r o l s .  No d i s a p p e a r a n c e  o r  
r educ t ion  of is le t  c e l l s  was  o b s e r v e d .
(iii) The effect  of Alloxan on p a n c r e a t i c  i s le t  c e l l s :
The  a c u te  effect  of a l loxan  was  s tud ied  on the p a n c r e a t i c  i s l e t s  in 
the r a t s .  Fol lowing  the adm in i s t r a t io n  of a l loxan ,  an im als  w e r e  k i l l ed  
24 h r  and 48 h r  l a t e r .
While a f t e r  24 h r  the blood g lucose  in a l loxan  t r e a t e d  an im als  r e a c h e d  
a level of 30m g/100m I , in the following 48 h r  i ts  level r o s e  to 350m g/100ml.
Immunocytochemical  s t u d i e s  of p a n c r e a t i c  i s le t  c e l l s  w e r e  p e r f o r m e d .  
The  ch a n g es  which o c c u r r e d  in indjvidual  be ta  c e l l s  w e r e  v a r i a b l e  even  
within the sam e  animal .  H ow e ver ,  de f in i te  p r o g r e s s i v e  c h a n g e s  w e r e  
dem o n s t ra b l e  du r in g  the f i r s t  48 h r .
A f te r  24 h r  most  of the i s l e t s  showed pos i t ive  be ta  c e l l s ,  e xcep t  
f o r  a few small  i s l e t s  in which b e ta  c e l l s  w e r e  comple te ly  d e g r a n u l a t e d .
sF ig .6 .8  Cobalt treated rat pancreas. Imniunoperoxidase s ta in in g  
method for  glucagon. Note the c e l l s  are sta in ed  fo r  
glucagon. x400
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P ig .6 ,9  Alloxan treated ra t pancreas, 48 hr a fte r  in je c t io n .
S p ec ific  s ta in in g  for  in s u lin . Note the i s l e t  with  
few B c e l l s .  x 100
P ig .6.10 Alloxan treated rat pancreas, 48 hr a fter  in je c t io n .
S p e c if ic  s ta in in g  for glucagon. Note the enlarged  
A (A_) c e l l s .  xlOO
2 5 0
Afte r  48 h r  most  of the be ta  c e l l s  w e r e  d e g ra n u la t e d  and only a few be ta  
c e l l s  w e r e  d e m o n s t ra b l e  in some of the i s l e t s  ( F ig .  6 . 9 ) .  E n l a r g e d  Ag 
c e l l s  w e r e  noted in a l loxan t r e a t e d  an imals  a f t e r  48 h r  ( F ig .  6 . 1 0 ) .
The  s t r u c t u r e  and number of o t h e r  types  of i s l e t  c e l l s  a p p e a r e d  unchanged ,  
(iv) The  effect  of immunization of an im als  aga ins t  g lucagon;
(a) A s s e s s m e n t  of a n t i s e r a :
T he  f i r s t  blood sample  was  co l l e c te d  from the an imals  3 weeks 
a f t e r  immunizat ion.  The  r e s u l t s  of the a s s a y  f o r  a n t i s e r a  a r e  
shown in F i g .  6 . 1 .  In all c a s e s  an t ibod ie s  w e r e  p r e s e n t  in the 
s e r u m .  Some of the c o n t r o l s  w e r e  t e s t e d  and no an t ibod ie s  w e r e  
d e t e c t e d .
The  second  b l e e d ,  at  6 weeks  a f t e r  immunizat ion,  w as  t e s t e d  
in the  same  way,  and showed high t i t r e  a n t i s e r a  (Tab le  6 . 5 ) .  Some 
of the an im als  had h i g h e r  t i t r e  than o t h e r s .  B e c a u s e  of t h i s ,  the  
r a t s  w e r e  div ided into two g r o u p s ,  and subsequen t  s a m p le s  confi rmed  
the h ig h e r  t i t r e  in some of the an im a ls .  The  p r o g r e s s  of the ant ibody 
p roduc t ion  is  shown in T a b l e  6 . 5 .
The  t i t r e  of the a n t i s e r a  w e r e  a s s e s s e d  p r i o r  to boos t ing  a f t e r  
9 months and found to be  v e r y  low in all an im a ls .
Blood sam ples  w e r e  taken 3 weeks  a f t e r  the boos t  a n d ,  a s  
shown in Tab le  6 . 5 ,  boos t ing  did not i n c r e a s e  the t i t r e  in t h e s e  
an im a ls .  ^
(b) Body weight:
The  r e s u l t s  a s  shown in F i g .  6 .11  ind ica te  that  t h e r e  was  no 
s ign i f ican t  d i f f e re n c e  in weight  change  of a n i m a l s .
(c) Blood g lucose  levels :
Blood g lucose  leve ls  w e r e  m e a s u r e d  a f t e r  3 w eeks  of immuniza­
t ion .  S ubsequen t ly  s am p les  w e r e  obtained  at 6 w e e k s ,  16 w eeks  and
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P ig .6 ,1 1  Changes in  hodyvjeight o f  immunized rats and co n tro ls .
TABLE 6 . 5
T i t r e  of a n t i s e r a
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No. of 
animals F i r s t Second T h i rd Fo u r th Boos t ing
C Group
1 I / 8O 1/50 1/51 1/5 1/32
2 1/76 1/80 1/72 1/10 1/24
3 1/80 1 / 1 1 .5 1/13 no binding 1/26
4 1/74 1/36 1/95 1/6 no binding
5 1/74 1/104
*
dead - -
6 1/56 1/25 no binding
*
dead -
7 1/24 1/26 1/28 1/5 no binding
8 1/91 1/176 1/192 1 /12 .5 1/25
9 1/93 1/91 1/49 no binding no binding
10 1/48 1/96 1/20 no binding not boos ted
D Group
1 1/155 1/167 1/195 1/11.5 1/35
2 1/160 1/182 1/428
*
dead -
3 1/128 1/94 1/91 1/3 1/25
4 1/136 1/408
*
dead - -
5 1/130 1/104 1A0 11.5 1/28
6 1/112 1/48 1/130 1/6 no binding
7 1/102 1/72 1/190 1/12.5 1/50
8 1/145 1/325 1/189 1/16 1/20
9 1/98 1/192 dead - -
10 1/108 1/136 1/152
i
1/11 1/21
The  t i t r e  is defined a s  the di lut ion of the a n t i s e ru m  at which half  maximum 
125binding of I -g lucagon  to ant ibody is  ob ta ined .
Animals  died du r ing  the expe r im en t .
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40 weeks  i n t e r v a l s  and a l s o  2 weeks  a f t e r  boos t ing .  As shown in 
T a b le  6 . 6 ,  the immunized r a t s  had s im i la r  blood g lucose  l eve l s  to 
t h e i r  fed c o n t r o l s .  H o w e v e r ,  in f as ted  immunized r a t s ,  blood 
g lucose  l eve ls  w e r e  s l igh t ly  lower than those  in f as t ing  con tro l  
r a t s ,  but  not s ign i f ican t ly  s o .
(d) P l a s m a  insu l in ,  F F A  and T r i g l y c e r i d e  c o n c e n t r a t io n s :
F a s t e d  p lasma in su l in ,  F F A  and T r i g l y c e r i d e  l eve ls  w e r e  
m e a s u r e d  at the end of e x p e r i m e n t s ,  4 weeks  a f t e r  b o o s t ing .
As shown in T a b le  6 . 7 ,  F F A  leve ls  w e re  s l i gh t ly  h i g h e r  in 
sham c o n t r o l s  than o th e r  g r o u p s ,  but not s ign i f ican t ly  s o .  T r i ­
g l y c e r id e  leve ls  w e r e  s i m i l a r  in all g r o u p s .
P la sm a  insul in  l eve ls  w e r e  found to be h ighe r  in g lucagon 
immunized an imals  a s  c om pared  with non immunized c o n t r o l s ,  but  
s im i la r  to the sham c o n t r o l s .
G lucose  and a r g in in e  t o l e r a n c e  t e s t s  w e re  p e r f o r m e d  twice  
at 20 w eeks  a f t e r  p r i m a r y  immunization and 3 w eeks  a f t e r  boos t ing  
in 4 g ro u p s  of r a t s ,  including non immunized c o n t r o l s ,  immunized 
sham c o n t r o l s ,  and immunized animals  showing high and low a n t i s e r a  
t i t r e .
(e) Glucose  t o l e r a n c e  t e s t s :
As shown in F i g .  6 . 1 2 ,  f as t in g  blood g lucose  leve l s  w e r e  
s l igh t ly  lower  in an imals  with^high a n t i s e r a  t i t r e  than in the o t h e r  
g r o u p s .  The  r a t e  of d i s a p p e a r a n c e  of blood g lucose  fol lowing o ra l  
g lucose  adm in is t ra t ion  was  s im i l a r  in all g roups  of r a t s .
(f) Arg in in e  t o l e r a n c e  t e s t s :
As shown in F i g .  6 . 1 3 ,  the blood g lucose  r o s e  in all g ro u p s  
a f t e r  injec t ion of a rg in ine  i . p .  All g r oups  of an imals  showed s i m i l a r
TABLE 6 . 6
Blood glucose levels  of glucagon iniinunized animals 
and their controls in lasted states.
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mg/100ml
F i r s t S e c ond Thi rd F o u r th
A
(Control) 9 6 . 5  -  12 9 2 - 6 9 8 - 6 9 9 . 5  -  8
B
(Sham con tro l) 98 - 8 94 i  11 102 -  4 98 - 6
C
(low t i t r e  
a n t i s e r a )
9 0 . 5  -  11 8 6 - 1 2 103 -  10 97 i  16
D
(high t i t re ) 88 -  14 85 i  9 92 i  7 95 -  10
F a s t e d  a s s a y s  w e r e  obtained  a f t e r  18 h r  of food d e p r i v a t i o n
Values  a r e  the mean -  S . D .
TABLE 6 .7
Z55
Average weights, plasma insulin, FFA and triglyceride  
concentrations of 12 months old male glucagon immunized 
rats and their controls in the fasted state.
Weight 1 nsu l in F F A T r i g l y c e r i d e s
(g) mu/l mmol/l mmol/l
A
(Control) 656 -  14 3 1 - 9 0 . 6 8  -  0 . 3 5 1 .0  -  0 . 3
B
(Sham) 618 -  10 48 i  18 0 .9 2  -  0 . 5 4 1 .5  -  0 . 4
C
(low t i t re ) 645 -  16 46 i  17 0 . 7 3 - 0 . 2 6 1 .5  -  0 . 3
D
(high t i t re ) 625 -  11 54 -  21 0 .6 9  -  0 . 3 7
1 .0  -  0 . 2
F a s t e d  a s s a y s  w e r e  ob tained  a f t e r  18 h r  of food d e p r i v a t i o n  
Values  a r e  mean -  S . D .  of 7 an im als  in each  g r oup .
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Sham control (b) 
Glucagon immunized rats (B) 
Control (C)
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T ig ,6.12 Glucose tolerance curves fo r  glucagon immunized rats and
co n tro ls . Glucose was given o r a lly  in  50/<? so lu tio n  a t  
2g/kg b.w,
n=5 fo r  each group o f  anim als.
Results are expressed as the mean -  S.E.M,
Blood Glucose mg/100ml
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r e s p o n s e s  to a r g i n i n e .  P l a sm a  insul in  leve ls  w e r e  m e a s u r e d  only 
at  0 ,  10 and 20 min in t e r v a l s  ( F ig .  6 . 1 4 ) .
All g roups  showed a r i s e  in p lasma insul in  c o n c e n t ra t io n  
fol lowing adm in i s t r a t io n  of a r g i n i n e .  ’ No s ign i f  i c a n t  di f f e r e n c e  
was o b s e rv e d  between c o n t r o l s  and immunized r a t s .
(g) His to logica l  and immunocytochemical s tudy  of the p a n c r e a t i c  i s l e t s :
When an im als  w e r e  d i s s e c t e d  f o r  hi s to log ica l  and immuno­
cytochemica l  examinat ion of the p a n c r e a s ,  in two of the experimenta l  
an im a ls ,  l ipomas w e r e  o b s e r v e d .
The l ipomas w e r e  attached to the p a n c r e a s  a n d  v a r i  ed in s i z e  
f rom 8 -  12 mm in d i a m e te r  without  a p p a re n t  n e c r o s i s  (F ig .  6 .15 ) .
On s e c t i o n ,  h a r d  white m a s s e s  w e r e  no ted.
No l ipomas w e r e  o b s e rv e d  in the con tro l  a n im a ls .
His to logica l  examinat ion of the p a n c r e a s  r e v e a l e d  in f i l t ra t ion  
with fat c e l l s  into the p a n c r e a s  in most  of the an im a ls ,  but  v a ry in g  
in extent  (F ig .  6 . 1 6 ) .  An i n c r e a s e  in f ib r o u s  t i s s u e  was  n o t ic e ab le  
in the i s l e t s  of an im als  with high a n t i s e r a  t i t r e  ( F ig .  6 . 1 7 ) .
Immunocytochemical  s ta in ing  of the p a n c r e a t i c  i s l e t s  r e v e a l e d  
4 d i ff e ren t  types  of i s le t  c e l l s .  A,  B ,  D,  P P .  A^ c e l l s  a l s o  showed 
immunoreact ivi ty  f o r  anti  G I P  s e r a .
D esp i te  the p r e s e n c e  of^PP and som a tos ta t in  c e l l s  in all a n im a l s ,  
t h e r e  w e r e  f ew e r  and s m a l l e r  c e l l s  at  t h i s  age of r a t  when c om pa red  
to younger  ones  s tu d i e s  p r e v io u s ly  ( c h a p te r  3).
In sp i t e  of the  normal s i z e d  i s l e t s  w h e r e  the normal  t o p o g ra p h ic  
r e l a t ionsh ip  be tw een  d i f fe ren t  types of c e l l s  was p r e s e r v e d ,  some 
abnorm a l i t i e s  w e r e  o b s e rv e d  within the i s l e t s  of some a n im a ls .
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F ig .6,15 A sec tio n  o f lipoma without apparent n ecro s is , 
H. & E. xlOO
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P ig .6,16 I n f i lt r a t io n  o f  fa t  c e l l s  in to  the pancreas o f  glucagon
immunized r a ts . Extensive p r o lifer a tio n  o f fibrous t is su e  
i s  remarkable, H, & E. x 100
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F ig ,6,17 High m agnification  o f the i s l e t  from the previous pancreas. 
Note the fibrous t is su e , x 400
F ig ,6,18 Pancreas o f  glucagon immunized r a t, Immunoperoxidas< 
s ta in in g  method with s p e c if ic  anti in su lin  sera .
Note the hyperplasia o f  B c e l l s ,  x 100
F ig ,6,19 Rat pancreas, Immunoperoxidase s ta in in g  method with  
s p e c if ic  an ti EPP sera . Note few PP c e l ls  sca ttered  
over i s l e t ,  xlOO
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A, Note the increase in  the number o f glucagon contain ing  
A c e l l s ,  xlOO
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B. Note the few c lu sters  o f  glucagon containing A c e l l s  a t 
the peripheral o f i s l e t ,  xlOO
F ig ,6,20 Glucagon inimunized ra t pancreas, Inniiunoperoxidase s tainirig  
method with s p e c if ic  an tisera  fo r  glucagon, xlOO
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In two experimenta l  immunized an im a ls ,  h y p e rp l a s i a  of be ta  
c e l l s  was  o b s e r v e d  (F ig .  6 . 1 8 ) .
In some of the i s l e t s ,  d i sp lacem en t  of cel l  p o p u la t ions ,  
e s p e c i a l l y  of the P P  c e l l s  f rom th e i r  c h a r a c t e r i s t i c  locat ion was 
no ted .  T h i s  was m ore  marked  in i s l e t s  showing p r o l i f e r a t i o n  of 
f ib ro u s  t i s s u e  ( F ig .  6 . 1 9 ) .
I n c r e a s e d  num bers  of glucagon c e l l s  w e re  o b s e r v e d  in some 
of the i s l e t s .  T h e s e  w e r e  most ly  in the form of c l u s t e r  of c e l l s  at  
the p e r i p h e r a l  of the i s l e t s  ( F ig .  6 . 2 0 ) .
In some of the an imals  a few e x t r a  is l e t  c e l l s ,  s ta in ing  with 
anti  g lucagon s e r a ,  w e r e  a l s o  o b s e r v e d .
6:4 D i s c u ss io n
(i) N eu t ra l  r e d  :
Fo l lowing the a dm in is t r a t ion  of neutra l  r e d ,  n e i th e r  d e s t r u c t i o n  no r  
d e g ra nu la t ion  of p a n c r e a t i c  c e l l s  was  o b s e r v e d .  T h i s  o b s e r v a t io n  
was  s u ppo r te d  by the r e s u l t  of r ad io im m unoassay ,  which r e v e a l e d  a 
s im i la r  o r  e le va te d  c o n c e n t r a t io n  of p lasm a  glucagon in the n e u t r a l  r e d  
t r e a t e d  r a t s  a s  c om pared  with cont ro l  an im a ls .
The  hypoglycemia o b s e rv e d  in r a t s  r e c e iv in g  high d o s e s  of n e u t r a l  
r ed  was  not a r e s u l t  of s e c o n d a r y  A„ c e l l s  d e s t r u c t i o n .  The  o b s e r v e d  
hypoglycemia could be due to the effect of neu tra l  r ed  on food in ta ke ,  
which h a s  a l r e a d y  been  d i s c u s s e d  ^see R e s u l t s ) .  H o w e v er ,  n e u t r a l  r e d  
does  seem to be  a phys io log ica l ly  ac t ive  compound.  Abraham eU a]_. (406) 
r e p o r t e d  that neut ra l  r ed  p ro v o k es  a m ore  rap id  r e l e a s e  of lysosomal  
enzyme and a c c e l e r a t e s  the p r o c e s s  of cell  d iv is ion  a s s o c i a t e d  with abnorm al  
m itos is  and the clumping of ch rom a som e s  in the l ive r  of r a t s  e xposed  to
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hypoxia .  The  same a u th o r s  (406) have a l s o  r e p o r t e d  i ts  s t r i k in g  effect  
in t e r m s  of the p roduc t ion  of i n t r a c e l l u l a r  oedema and vacuola t ion  in the 
l iv e r  of r a t s .
(ii) Cobal t  c h lo r id e :
As mentioned in the R e s u l t s ,  n e i t h e r  d e s t r u c t i o n  no r  deg ra n u la t i o n  
was  o b s e rv e d  in c e l l s  o r  any o th e r  c e l l s  of the p a n c r e a t i c  i s l e t s  
following the a dm in is t r a t ion  of cobal t  c h lo r id e  to the r a t .
C oba l t ,  an e s se n t i a l  e lement  is t rad i t i o n a l ly  thought  of a s  be ing  
phys io log ica l ly  ac t ive  only when p r e s e n t  a s  vi tamin Ino rgan ic  c o b a l t ,
h o w e v e r ,  is by no means phys io log ica l ly  iner t  (408).  Hyper l i  paemia  
fol lowing the t r e a tm e n t  with cobal t  c h lo r id e  h a s  been  r e p o r t e d  in d i f fe ren t  
s p e c i e s  by many w o r k e r s  ( 4 0 7 ,4 0 8 ,4 0 9 ) .
The p a n c r e a t i c  A^ c e l l s  d e g ra nu la t ion  and d e s t r u c t io n  d e s c r i b e d  by 
many i n v e s t ig a t o r s  (410)was p r o p o se d  a s  the mechanism fo r  glucagon  
de f i c iency  with consequen t  hype rg lycaem ia  and l ipamia.  in sup p o r t  of 
t h i s  h y p o th e s i s ,  glucagon  is known to have  a hypol ipaemic effect  (411) to 
p romote  c a ta b o l i s m ,  and to r e d u c e  hepa t i c  p ro te in  s y n th e s i s  (412).  H o w e v e r ,  
it h a s  been  shown (407) that In r a t s  t r e a t e d  with c oba l t ,  the  p lasm a  c o n c e n ­
t r a t i o n s  of glucagon m e a s u r e d  by rad io imm unoassay  a r e  not s ign i f ican t ly  
d i f fe ren t  f rom u n t r e a te d  c o n t r o l s .
The  fas t in g  l e v e l s ,  a s  m ea s u red  by th is  a s s a y ,  a r e  c o m p a rab le  to 
c o n c e n t r a t i o n s  o b s e rv e d  in man,  and p a t i e n t s  t r e a t e d  with cobal t  f o r  the 
r e f r a c t o r y  anaemia of ch ro n ic  rena l  f a i l u r e  have  leve ls  of p lasm a  g lucagon 
s im i l a r  to p a t i e n t s  not t r e a t e d  with coba l t  (413).  Th is  da ta  s u p p o r t s  the 
r e s u l t s  ob tained by the immunocytochemical s tudy of p a n c r e a t i c  i s l e t s  of 
the r a t  fol lowing the adm in is t ra t ion  of coba l t  c h lo r id e  in the p r e s e n t  
inves t iga t ion .
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F u r t h e r m o r e ,  Ger lov in  (13) h a s  r e p o r t e d  the effect of cobal t  
c h lo r id e  on c e l l s  h a s  d i f fe red  in the d i ff e ren t  s p e c i e s  inves t ig a ted  
and h a s  not been  o b s e rv e d  in all i s l e t s .  T h e s e  changes  have  been  
prominent  in the guinea p ig ,  pigeon  and t o r t o i s e ,  and to a l e s s e r  d e g r e e  
in the f r o g .
(iii) Immunocytochemical  s ta in ing  of p a n c r e a t i c  sec t ion  of Alloxan t r e a t e d  
an imals:
S t a in ing  r e v e a le d  a s t r i k in g  diminut ion in the number  of be ta  c e l l s  
with e n la r g e d  A^ c e l l s .  Th is  o b s e rv a t io n  is  ev idence  of the s e n s i t iv i ty  
of th is  method.
(iv) Immunization of an imals  aga ins t  glucagon:
Immunizat ion was  aimed to p r ov ide  the so lut ion to s e v e r a l  p ro b le m s :
(a) Was it p o s s ib l e  to p r o d u c e  g lucagon a n t i s e r a  in r a t s  of high 
enough ac t iv i ty  to lead to n e u t r a l i z a t i o n  of endogenously 
p ro d u ce d  glucagon so  that  the technique  could be u sed  fo r  
the s tudy of experimenta l  g lucagon de f i c iency .
(b) What would be  the effect  of ne u t r a l i z a t i o n  of the endogenous  
g lucagon on the basa l  c o n c e n t ra t io n  of g lucose  in blood and 
on the normal s e c r e t i o n  of in su l in .
(c) What would be  the effect  of ne u t r a l i z a t i o n  of g lucagon on the 
morphology of i s l e t s .
Glucagon is g e n e ra l l y  r e g a r d e d  a s  a po o r  immunogen and the a n t i s e r a  
p roduce d  in r a t s  was  of low t i t r e  c om pared  with an t i s e rum  p r o d u c e d  in 
d i f fe ren t  s p e c i e s  r e p o r t e d  in l i t e r a t u r e  ( 3 9 8 ,3 9 9 ,4 0 5 ,4 1 4 ) .  With th is  
a n t i s e r a  t i t r e  it was  p o s s ib l e  that  the r educ t ion  of the c o n c e n t r a t io n  of 
f r e e  glucagon ach ieved  by immunization of an im als  was  too small  to  c a u s e
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d e te c ta b l e  s ig n s  of glucagon de f i c i e n c y ,  immunization of an im als  c a u se d  
no change  in ba sa l  g lucose  leve ls  and did not influence g lucose  and 
a rg in in e  t o l e r a n c e .
Holst  eU (414) r e c e n t ly  d e s c r i b e d  th e ex tens ive  and r ap id  n e u t r a l ­
iza t ion of endogenous ly  r e l e a s e d  glucagon by in ject ion of potent  a n t i s e r a .  
H o w e v er ,  they could not d e m o n s t ra t e  a hypoglycemic effect of th is  t r e a t ­
ment on r a t s  f a s t ed  fo r  3 h o u r s .  N or  did t re a tm ent  with the a n t i s e ru m  
lead to hypoglycemia in r a t s  f a s t e d  fo r  10 -  48 h o u r s ,  a lthough it might 
have  been  expected that  maintained o r  i n c r e a s e d  c o n c e n t r a t io n s  of glucagon 
in t h e s e  r a t s  would be  e s se n t i a l  f o r  the  maintenance of i n c r e a s e d  g lucon -  
e o g e n e s i s .  The effect  of exogenous  glucagon adm in is t ra t ion  in a d o s e  
(30pmol/kg)  which in con tro l  r a t s  p r o d u c e d  s ignif icant  h y p e rg ly c em ia ,  
was  n e u t r a l i z e d  by the an t i s e rum  t rea tm en t  (414).
In the p r e s e n t  s tudy ,  b e c a u s e  of the poo r  p roduct ion  of a n t i s e r a  
in r a t s ,  only limited conc lu s ions  can  be  d raw n  on the s ign i f ic a nce  of 
glucagon on normal  p a n c r e a t i c  e n d o c r in e  funct ion and m ain tenance  of 
eug lycemia .
H o w e v er ,  the r i s e  of in su l  in was found t o  be s i g n i f i c a n t l y  lower in 
glucagon immunized r a b b i t s  when c om pared  to non immunized c o n t r o l s  
a f t e r  the a dm in is t r a t ion  of a rg in in e  to t h e s e  an imals  (AI T a m a r ,  Y . Y .  
p e r s o n a l  communicat ion) .  It i s  sug g e s t e d  that  glucagon immunized 
r a b b i t s  have impa ired p a n c r e a t i c  e n d o c r in e  funct ion .
The  f inding of lipoma only in two r a t s  was  not expected  and could 
be spon ta neous  inc ide nce .  On the o t h e r  hand ,  s in c e  it was  only o b s e r v e d  
in experimental  an imals  with high a n t i s e r a  t i t r e ,  it is p o s s ib l e  that  immuni­
za t ion c a u s e d  a change  in glucagon and insu l in  l ev e l s ,  giving r i s e  to l ipom as .
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Some of the morphologica l  c h a n g e s ,  like in f i l t ra t ion  of fat c e l l s  
into the p a n c r e a s ,  o r  i n c r e a s i n g  f ib rous  t i s s u e  in some of the i s l e t s ,  
a r e  common in old r a t s ;  th is  was  ex tens ive  in some of the a n im a ls .
A m inor  change  in the populat ion of A^ c e l l s  was  o b s e r v e d  in 
some of the experimenta l  a n im a ls .
In the p r e s e n t  s tudy ,  n e i th e r  neu t r a l  r e d  no r  cobal t  c h lo r id e  was  found 
to c a u s e  A^ cel  I de f i c iency  in the  p a n c r e a t i c  i s l e t s  of the r a t s  (W/A). I mmuni-  
za t ion  of r a t s  ag a in s t  glucagon p ro d u ce d  p o o r  a n t i s e r a  t i t r e  and no effect  on 
glucagon dependan t  metabo l i sm.  F u r t h e r  inves t iga t ion  needs  to be made into 
d i f fe ren t  s t r a i n s  o r  r a t s  and d i ff e ren t  s p e c i e s  to s e e  if t h e r e  is  any s p e c i e s  
d i f f e r e n c e ,  and in the hope that  a s t r a i n  o r  s p e c i e s  which p ro d u ce d  a high 
antibody t i t r e  would show some effect  on the A^ c e l l s .
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CASE R E P O R T  I
P A N C R E A T IC  ISLET CELL TUMOUR 
(MALIGNANT SOMATOSTATINOMA P R E S E N T IN G  WITH HYPOGLYCEMIA)
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A. I ncroduct ion
E n d o c r in e  tumours  of the p a n c r e a s ,  often r e f e r r e d  tb a s  insu l inomas ,  
have  been  r e p o r t e d  (424) to be of a t  leas t  four  types :  in su l inomas ,  g a s t r i n o m a s ,  
glucagonomas  and tumours  giving r i s e  to WDHA syndrom e (w a te ry  d i a r r h o e a ,  
hypokalemia and a c h l o r h y d r i a ) . In add i t ion ,  some e ndoc r ine  p a n c r e a t i c  tumours  
a p p e a r e d  to s e c r e t e  ectopic  ho rm ones  o r  a mix tu re  of pep t ide  ho rm ones  (425 ,426) .
L a r s s o n  eU (424) d e s c r i b e d  these  tumours  a s  of ten m u l t iho rm ona l .
They  su g g e s t e d  that  the use  of convent ional  s ta in ing  methods f o r  the p r e s e n c e  
of A^ (A), A^ (D) and B c e l l s  h a s  not a lw ays  pe rm i t t ed  the d i s t inc t ion  be tw een  
the d i f fe ren t  hormone  p roducing  ce l l  types  of th se  t um ours .  M o re o v e r ,  the 
ho rmone  of the p redominat ing  ce l l  type did not a lw ays  expla in  the c l in ica l  
symptom s.  R e c e n t ly ,  h o w e v e r ,  de ta i led  immunocytochemical and u l t r a -  
s t r u c t u r a l  s t u d i e s  d e s c r i b e d  p a n c r e a t i c  tumours  a s  composed of a s ing le  
hormone  p rod u c in g  cel l  type.  O the r  i n te r e s t in g  c a s e s  a r e  tumours  showing 
only som a tos ta t in  c e l l s  ( 4 2 8 ,4 2 9 ,4 3 0 ,4 3 1 ) .
In fou r  p r e v i o u s  c a s e s  of p a n c r e a t i c  D cell  tumours  ( somatostat inoma)  
t h e r e  was  c a rb o h y d r a t e  i n to l e r a n c e ,  which in one c a s e  r e t u r n e d  to normal  
following the r e s e c t i o n  of the tumour (430).  A f u r t h e r  c a s e  is r e p o r t e d  h e r e  
in which the c l in ica l  p r e s e n t a t io n  was  marked ly  d i ff e ren t  f rom th o se  p r e v i o u s ly  
r e p o r t e d .
B . C a s e  R epo r t
A 33 y e a r  old woman was  admit ted to hospi ta l  in hypoglycemic coma 
(blood g lucose  1.4  mmol/l ) with a two-month h i s t o r y  of ge ne ra l  ill hea l th  and 
symptoms sugg e s t iv e  of n e u ro g ly c o p o e n ia . S h e  became r e p e a te d ly  hypoglycemic 
and at t h e s e  t imes plasma insul in  c o n c e n t r a t io n s  w e r e  c o n s i s t e n t ly  and 
in a p p r o p r ia t e ly  e leva ted  (25 -  30m u/l ) .  O the r  inves t ig a t io ns  s u g g e s t e d  he p a t i c
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m é t a s t a s é s  and a d iagnos i s  of mal ignant  insul inoma was made .  P r e - o p e r a t i v e l y , 
t rea tm ent  with D iazox id e ,  450mg d a i ly ,  and C h lo ro th iaz ide ,  Ig  da i ly ,  p roduce d  
m arked  symptomatic  improvement and  abol i t ion  of the hypoglycemic e p i s o d e s .
Laparo tomy r e v e a le d  an e n l a r g e d  l ive r  with numerous  tumour d e p o s i t s ,  
b i l i a r y  o b s t r u c t i o n ,  p a n c r e a t i c  in f i l t ra t ion  and e n la rg ed  p e r i tonea l  lymph n o d e s .  
Liver  and lymph node b io p s i e s  w e r e  t ake n .  P la sm a  immuncreact ive  som a tos ta t in  
l eve ls  ( 4 .6  -  16 .8  ng/ml)  w e r e  p e r s i s t e n t l y  g r o s s l y  e le va te d  (normal r a n g e  (
r /
17 -  8 1 | ^ ^ / m l ) .  They r o s e  in r e s p o n s e  to in t ravenous  infusion of a rg in in e  7 ^
and fell du r in g  d iazox ide  infus ion.  P l a s m a  insul in  c o n c en t ra t io n  fa i led  to 
change  in r e s p o n s e  to e i t h e r  oral  g lucose  o r  in t r avenous  glucagon ,  but  t r e b l e d  
d u r ing  a rg in in e  in fus ion.  L.H,  F S H ,  T S H  and p ro la c t in  r e s p o n s e s  to LHRH 
and TRH w e r e  normal  and growth  hormone  r o s e  no rmal ly in r e s p o n s e  to i n t r a ­
venous a r g i n i n e .  The r i s e  in p lasm a  G I P  p roduced  by oral  g lucose  was  a l s o  
no rm a l .
C .  M a te r ia l s  and Methods
(a) M a te r ia l s
(i) T i s s u e  sec t ions :
Sum thick s e c t i o n s  of pa ra f f in -em bedded  t i s s u e  from the two 
b iopsy  spec im ens  w e r e  obta ined from S t .  Luke 's  Hosp i ta l  (Guildford)  
by kind p e rm is s io n  of P r o f e s s o r  N.M . G ibbs .  The  t i s s u e s  had been  
f ixed in ne u tra l  fo rmalin  and p r o c e s s e d  in c onven t iona l ,  rou t ine  way .
(ii) A n t i s e r a :  ,
The  spec i f ic  an t ipolypept ide  a n t i s e r a  w e r e  used  at the fol lowing 
d i lu t io n s : -
Anti insul in  1:80, anti  glucagon 1:80, anti  G I P  1:80,  anti  g a s t r i n  
1:40, anti  somatos ta t in  1:40 and 1:60, and anti  P P  1:40.  S e c o n d a r y  
a n t i s e r a  p e r o x i d a s e  conjugated  goat anti  rabb i t  and goat anti  gu inea  
pig IgG w e re  used  at di lu t ions  of 1:50.
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(b) Methods
Immunocytochemical  s ta in ing:
The  se c t io n s  w e r e  s ta ine d  fo r  each  of s ix po lypep t ide  ho rm ones  
us ing  ind i rec t  p e r o x i d a s e  label led antibody method a s  d e s c r i b e d  e a r l i e r  
( c h a p te r  2) .
Cont ro l :
C o n t r o l s  used  w e r e  anti  somatos ta t in  a n t i s e r a  p r e v i o u s ly  a b s o r b e d  
with e x c e s s  som a tos ta t in .
Haematoxyl in  and eos in  s ta ined  s e c t io n s  w e re  a l s o  p r e p a r e d .
D . R e s u l t s
His to logica l  examinat ion of the lymph node and l ive r  b i o p s i e s  r e v e a l e d  
ex te n s iv e  m é t a s t a s é s  of a sol id  and tubu la r  a d e noca rc inom a ,  fo rmed by c l e a r  
c e l l s  showing a ve s ic u l a t e d  p a t t e r n  in some a r e a s  (F ig .  1 and 2) .
Immunohistological  examinat ion of the b iops i s  using  in su l in ,  g lucagon ,  
g a s t r i n ,  G I F ,  P P  and somatos ta t in  a n t i s e r a  showed most  of the c e l l s  to con ta in  
immunoreac t ive  somatos ta t in  ( F i g . 3) .  A few s c a t t e r e d  c e l l s ,  m ore  in some 
a r e a s  than o t h e r s ,  r e a c t e d  with the insul in  a n t i s e r a  ( F i g . 4) ,  but  no c e l l s  
r e a c t i n g  with o t h e r  a n t i s e r a  w e re  ident i f i ed.
F ig . l  Low-power  p h o to m ic r o g r a p h  shows  the tumour (hepa t ic  m e t a s t a s i s )
with ve s ic u la te d  p a t t e r n .  (Haematoxylin and E os in  x 100)
-
F i g . 2 P ho tom ic rograph  of tumour (hepat ic  m e ta s ta s i s )
with ve s ic u la te d  p a t t e r n .  (Haematoxyl in and Eos in  x 100)
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F i g . 3 Histo logica l  s ec t ions  of biopsy  specimen s ta ined  with anti  som a tos ta t in
a n t i s e rum  and immunoperoxidase .  Most of the c e l l s  show a p os i t ive  
r e a c t io n  fo r  anti s om a tos ta t in ,  x 100
, 'h h
F i g . 4 His tologica l  sec t ions  of biopsy  specimen  s ta ined  with anti  insu l in
an t i se rum  and immunoperox idase .  Some of the c e l l s ,  m ore  in some 
p l a c e s  than o t h e r s ,  show a pos i t ive  r e s p o n s e  fo r  immunoinsul in .  
x 100
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E . D i s c u s s i o n
F o r  many y e a r s  " i s l e t  cell  tu mours"  w e r e  c l a s s i f i e d  a c c o r d in g  to w h e th e r  
they w e re  " a c t i v e " ,  i . e .  hypog lycaem ia -p roduc ing ,  o r  " i n a c t i v e " .. The  f o r m e r  
w e r e  g e n e ra l l y  r e f e r r e d  to a s  B cell  t um ours ,  o r  insu l inomas ,  even though 
of ten the c e l l s  did not have the c h a r a c t e r i s t i c  B cel l  a p p e a r a n c e ,  e s p e c i a l l y  
when the tumours  w e r e  mal ignan t .  The second  and much m ore  common type 
of tumour  was r e g a r d e d  a s  non- funct ion ing  and of ten r e f e r r e d  to a s  non B cel l  
t u m o u r s .  The d i s c o v e r y  of the Z o l l i n g e r - E I l i s o n  (432), V e r n e r - M o r r i s o n  (433) 
and glucagonoma (434) syndrom es  did much to d i sp e l th i s  s im pl i s t i c  c l a s s i f i c a t i o n ,  
which underw ent  r ad ica l  r e v i s io n  when it was  recogn ized  that  v a r i o u s  s y n d ro m e s  
w e r e  not mutually e x c lu s i v e .  With the advent  of improved h i s to log ica l  t e c h n i q u e s ,  
notably e l e c t r o n  m ic ro sc opy  and immunohistology, it became a p p a re n t  that  the 
m ajo r i ty  of is l e t  cell  tumours  conta in  two o r  m ore  types  of hormone  s e c r e t i n g  
c e l l s ,  though usua l ly  in g r o s s l y  d i s p a r a t e  p r o p o r t i o n s ,  one type p redom ina t ing  
o v e r  the o t h e r .  Exc e p t ions  a r e ,  ho w e v e r ,  by no means r a r e  ( 4 3 0 ,4 3 1 ) .  N e v e r ­
t h e l e s s ,  only infrequen t ly  do the cl inica l  e ff ec ts  p roduced  by i s l e t  ce l l  t um ours  
su g g e s t  that  m ore  than one hormone is be ing p roduced  in funct ional  e x c e s s .
T h i s  h a s  been  b o r n e  out by immunoassay s tu d i e s  on p e r i p h e r a l  blood which 
only oc c as iona l ly  r evea l  m ore  than r e l a t i v e ly  t r iv ia l  i n c r e a s e s  in m o re  than 
one of the funct ional ly  ac t ive  i n su la r  ho rmones  (excluding p a n c r e a t i c  po lypep t ide  
(435).  It con t inues  to be  common p r a c t i c e ,  t h e r e f o r e ,  to r e f e r  to in su l in o m a s ,  
glucagonomas ,  g a s t r in o m a s  andVllroma^,  o r  r a r e l y  "mixed cell  t u m o u r s " .
Recen t ly  s e v e r a l  c a s e s  of is l e t  cell  tumours  in which s o m a t o s t a t i n - p ro d u c i n g  
c e l l s  w e r e  the dominant  o r  even " e x c lu s iv e "  cell  t ype ,  have been  d e s c r i b e d  
and r e f e r r e d  to a s  som a tos ta t inom as .  The p r e s e n t  c a s e  f a l l s  into th is  c a t e g o r y ,  
but the cl inical  p i c t u r e  d i f f e r s  so m arked ly  from that  of p r e c e d in g  c a s e s  that  
it would not be p r u d e n t ,  at  the p r e s e n t  t ime,  to at tempt to d e s c r i b e  a " s o m a t o s t a t i n ­
oma s y n d ro m e " .
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In the p r e s e n t  c a s e ,  a s  in those  p r e v io u s ly  d e s c r i b e d ,  ev id ence  of 
som a tos ta t in  p roduc t ion  and s e c r e t i o n  was b a s ed  exc lus ive ly  on immuno­
chemical  e v id e n c e .  In th i s  p a t i e n t ,  d i f fe ren t  somatos ta t in  a n t i s e r a ,  each  of 
p r o v e n  sp e c i f i c i t y ,  w e r e  used  to ident ify som a tos ta t in  in the tumour t i s s u e  
and in the  p e r i p h e r a l  blood a s  well a s  to s tudy  i ts  s e c r e t o r y  b e h a v io u r  in 
r e s p o n s e  to v a r i o u s  st imuli  and in h ib i to r s .  As d e s c r i b e d  e a r l i e r  in c h a p t e r  I , 
p ro lo nged  infusion of somatos ta t in  to normal s u b je c t s  r e s u l t s  in h y p e rg ly c a e m ia ,  
s u gge s t ing  t h a t ,  unde r  t h e s e  c i r c u m s t a n c e s  at l e a s t ,  the dominant  effect  
r e f l e c t s  s u p p r e s s i o n  of insul in  s e c r e t i o n  r a t h e r  than s u p p r e s s i o n  of insu l in  
a n t a g o n i s t s .  T h e s e  o b s e rv a t io n s  a r e  cons i s t en t  with the biochemica l  f indings 
in the p r e v i o u s  c a s e s  of somatosta t inoma (429,431)  and the p r e d i c t i o n  of a 
syndrom e com pr i s ing  mild d iabe te s  with hypoinsul inaemia and hypog lucagonaemia .  
The  p r e s e n t  c a s e  t h row s  some doubt upon th is  p r e d i c t i o n ,  a l though the 
pos s ib i l i ty  r em a ins  that it r e p r e s e n t s  e i t h e r  a f u r t h e r  example of mult iple  
hormone  s e c r e t i o n  by a s ing le  p a n c re a t i c  tumour ,  o r ,  a l t e r n a t i v e l y ,  that  the 
c i r c u l a t i n g  immunoreac t ive  somatos ta t in  in th i s  pat i en t  was phys io lo g ica l ly  
inac t ive .  The  f a i l u r e  of high c i r c u la t in g  somatos ta t in  leve ls  to s u p p r e s s  the 
s e c r e t i o n  of in su l in ,  G I P ,  T S H ,  and growth hormone s u p p o r t s  t h i s  l a t t e r  
s ugges t ion  , a s  do e s  the obs e rv a t io n  that  the somatos ta t in  d e t e c t e d  w as  of 
h ighe r  m olecu la r  weight  than the normal t e t r ad e c a p ep t id e  and may have  
r e p r e s e n t e d  e i t h e r  a p rohorm one  o r  a po lym er .
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CASE REPORT II
A HISTOLOGICAL STULI OF PAHCRBAHC HDH'lOîTES 
IN CLINICAL HYPOGLYCEl-lIA
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A. Introduction
Host cases o f neonatal hypoglycemia are transient and e a s i ly  
con tro lled  hy frequent meals and intravenous glucose adm inistration .
In some in sta n ces , hoT^ever, the episodes o f  h}q)oglycemia are frequent 
and sev ere , and continue a fte r  the neonatal period. Such cases 
frequently  present great d iagnostic  prohlems, Eeports concerning 
h istop athology or u ltrastru ctu re  o f  the pancreatic i s l e t s  in  id io ­
path ic neonatal hypoglycemia are rare (436), The r e su lts  have been 
co n tro v ersia l, probably due to the fa c t  that modem d if fe r e n t ia l  
granule s ta in in g  procedures, including immunocytochemical techniques, 
have ra re ly  been applied , Hos t o f the examined pancreas have shoun a 
regu lar i s l e t  system (437), whereas only a fevj e?diibited hyp erp lasia , 
Horeover, as quantative methods vjere only rare ly  applied to i s l e t  
examination o f  in fa n ts , the diagnosis o f  i s l e t  hyperplasia as a cause 
o f  hypoglycemia remained o ften  doubtful (436),
A d e ta iled  stru ctu ra l analysis o f  the endocrine pancreas, u sin g  
an adequate q u an titative  technique, i s  needed in  cases o f  p e r s is te n t  
neonatal hypoglycemia in  order to e s ta b lish  an unequivocal d iagnosis  
and to improve the c la s s if ic a t io n  o f  the d isea se . The present  
in v e s tig a tio n  o f two cases o f hypoglycemia reveals com pletely d if fe r e n t  
patterns o f  pancreatic endocrine c e l l s .  In both cases treatment w ith  
diazoxide was carried out and in  cE^e I ,  su b tota l pancreatectomy was 
undertaken,
B, M aterials and Methods
(a) Mate r ia ls
Pancreatic tissu e  sec tio n s; 5'uni p ara ffin  embedded tis su e  sec tio n s  
o f pancreatic tissu e  specimens from two hypoglycemic p a tien ts  
were obtained, Ihe tissu es were f ix ed  in  neutral form alin .
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(b) Methods
Routine sta in in g : One sec tio n  from each s e r ie s  was sta in ed  with
Haematoxylin and Eosine (chapter 2 ) , Immunohistological 
s ta in in g  was carried out using  the in d irec t peroxidase 
la b e lle d  antibody enzyme method (chapter 2) with s p e c if ic  
antibodies to in su lin , glucagon, som atostatin , pancreatic  
polypeptide and g a str in .
(c) Case reports
Case 1
At the age o f  three months th is in fa n t began having  
convulsions, during which he was found to be hypoglycemic. 
Treatment with diazoxide and ch loroth iazide improved the 
s itu a t io n  and stopped the hypoglycemia from occurring. At 
the age o f  8 he was admitted to h o sp ita l and the diazoxide  
was stopped for  a time, but w ithin two weeks the fa s t in g  
blood glucose had fa lle n  to 40mg/l00ml. During th is  adm ission  
various inves tiga tion s were performed, but no evidence o f  
hyi)erinsulinism  or leucine s e n s i t iv i t y  could be found and 
there was no evidence o f  glycogen storage d ise a se , lieanw hile, 
a developmental assessment showed him to have an I,Q , o f  
approximately 70, He was put back on diazoxide and chloro­
th ia z id e , In 1974, because o f hypoglycemic episodes and 
gradually increased in su lin  le v e l s ,  i t  was concluded that 
the in su lin  le v e l s ,  although not g rea tly  increiased, were 
c l in ic a l ly  h i ^ ,  and su b to ta l pancreatectomy was carried  
ou t. This su rg ica l manoeuvre produced no b e n e fit  and the 
ch ild  has been kept on treatment with diazoxide and chloro­
th iazid e .
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Case 2
KG was operated upon a t the age o f 2 years 4 months 
fo r  in tra cta b le  hyi^oglycemia sin ce  the age o f  4 days.
Blood glucose le v e ls  in  the region o f  0 . 2  -  1 .5  mmol/l 
were recorded on a number o f occasions and were a sso c ia ted  
w ith c l in ic a l  evidence o f  neuroglycopenia. Fasting plasma 
in su lin  measured on one (Occasion during a hypoglycemia 
episode (blood glucose 0 . 2 8  mmol/l) was 20 mU/l, which i s  
inappropriately  h igh . Treatment with diazoxide plus chloro­
th iazide restored the blood glucose le v e ls  to normal. At 
laparotomy no tumour was found in  the pancreas and a sm all 
p iece  o f  pancreas only was removed fo r  h is to lo g ic a l  examina­
tio n , Treatment with diazoxide plus cliloroth iazid e was 
continued u n t il  8 , T iereafter  he to lerated  overnight 
fa s t in g  without becoming hypoglycemic. Oral g lucose  
tolerance te s ts  in d icated  delayed clearance o f  g lucose from 
the blood becoming gradually more severe, u n t i l  a t  the age 
o f  9& i t  was considered ty i)ica l o f  "maturity onset d iab etes" . 
In September 1978 an ora l g lucose tolerance t e s t ,  during  
which urinary glucose only was measured, showed p e r s is te n t  
g ly co su ria .
C. Itesul ts
Case 1
S ta in in g  o f  section s with Haematoxylin and Eos ine showed 
the presence o f  i s l e t s .  The s iz e  o f  most i s l e t s  was normal, 
only a few large i s l e t s  being observed. Tie frequency o f  i s l e t s  
varied  in  d iffe re n t parts o f  the se c t io n . In some o f  the p an creatic
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lo b u le s , the i s l e t s  were more numerous, Immunocytochemical 
s ta in in g  showed that the m ajority o f i s l e t s  appeared to c o n s is t  
o f B c e l l s  containing immunoreactive in su lin  with about 70 -  QOfo 
B c e l l s  and a few glucagon and som atostatin s ta in in g  c e l l s  
( l i g , l ) .  In add ition , some o f the i s l e t s  were found to be 
composed mainly o f glucagon containing c e l ls  wi,th sm all numbers 
o f  other c e l l  tyi)es (P ig ,2 ) , while few i s l e t s  were found to be 
composed o f  glucagon and som atostatin c e l l s  (P ig ,5)* As shown 
in  P ig ,4, there were a lso  few i s l e t s ,  in  which some o f  the 
peripheral c e l l s  were sta in ed  fo r  a n ti B,P,P,
Case 2
Sections sta in ed  by Haematoxylin and Eosin revealed  no 
regu lar i s l e t  system, Immunocytochemical s ta in in g  o f  sec tio n s  
showed both in su lin  and glucagon c e l l s ,  but n ot PP or soma­
to s ta tin  c e l l s .  Tie B c e l l s  and glucagon c e l l s  were found to 
be separate from each other and not w ith in .is le t s  (P ig ,5 ,6 ) ,
The c e l l s  were d iffused  among acinar c e l l s ,  A c e l l s  were m ostly  
in  c lu s te r  form lik e  i s l e t s  and B c e l l s  as s in g le  c e l l s  ( P ig ,5 ,7 ,8 ) ,
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Fig. l .A . Case 1. Focus o f numerous number o f i s l e t s  in  a few
pancreatic lo b u les. Some o f  the i s l e t s  are la r g e ly  
composed o f B c e l l s .  In d irect immunoperoxidase method 
with a s p e c if ic  antibody to in su lin , x 100
F ig . l .B . Case 1. A higher m agnification o f  i s l e t  s ta in ed  for
in su lin , x 400
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Fig, 2 ,A, Case 1, A low m agnification o f the s e c t io n s , one o f
the i s l e t s  with mary glucagon containing c e l l s .  
Imm-’jnoperoxidase method with a s p e c if ic  arxtihody to 
glucagon. X 100
Fi Case 1. A higiier ma^gnification o f the i s l e t  w ith many 
glucagon containing c e l l s .  x 400 ,
zoj)
Fig, 5#A, Case 1, A low m agnification o f the s e c t io n s , one o f
the i s l e t s  showing numerous som atostatin contain ing  
c e l l s ,  ImmuTiOperoxidase method with s p e c if ic  a n tisera  
to syn th etic  c y c lic  som atostatin , x: 100
À
Fig, 3.B , Case 1, A liigh m agnification o f i s l e t  with som atostatin
containing c e l l s ,  x 400
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F ig . 4 . Case 1, Figure shows few PP c e l l s  in  some o f  the i s l e t s .
Immurioperoxidase method with s p e c if ic  antibody for  Bovine 
pancreatic polyi^eptide, x 100
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F ig . 5* Case 2 .  Marked arid d iffu se  B c e l ls  among acinar area.
In d irect peroxidase la b e lle d  aritibody method with s p e c if ic  
antiserum to in su lin . x 100
F ig . 6. Case 2. Glucagon c e l ls  in  c lu ste r  form separate from 3 c e l ls ,  
In d irect peroxidase la b e lle d  antibody method with s p e c if ic  
antiserum to l^UCg-^ un x 100
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F ig , 7* Case 2. High m agnification o f B c e l l s ,  Immunoperoxidase 
method with s p e c if ic  aritiseruCi to in s u lin , x 400
F ig. 8 , Case 2. High m agnification o f  glucagon c e l l s .  Immuno­
peroxidase method with s p e c if ic  aritiserum to glucagon, x 400
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D iscussion
Reports on the structure o f  the endocrine pancreas in  cases o f  
Hyi^oglycemia are con troversia l. Kloppel e t . a l . (456) reported  
i s l e t  hyperplasia and i s l e t  hypertrophy. They a lso  found an increase  
in  the number o f (D) c e l l s  in  r e la t io n  to A^  (A) and B c e l l s .
High r e la t iv e  proportions o f  "type IV ce ll"  have been reported by 
Sovik e t . a l . (4 3 8 ). A d efic ien cy  o f  A c e l l s  in  some cases o f  hypo­
glycem ia ( 439, 440) was suggested to be an e s s e n t ia l fa c to r  in  cases 
o f hyi)oglycemia.
However, s in ce  these observations were made with the (o ld )  
d if fe r e n t ia l  granule s ta in in g  procedures, i t  i s  d i f f i c u l t  to draw 
d e fin ite  conclusions from the rep orts.
In tlie pancreas o f  normal man ( 2) the in su lin  contain ing B c e l l s  
predominate, forming 70 -  80^ o f  i s l e t  population, fo llow ed by the 
glucagon secre tin g  A c e l l s  (20 -  25/^), while the som atostatin  c e l l s  
(D c e l l s )  form 5 -  10^  ^ and the HPP c e l l s  are rare and do not occur in  
every i s l e t  (chapter 2 ) .
In the present in v e s tig a tio n s , Case 1 showed a normal i s l e t  
system , with some increase in  the number o f  glucagon (a) and soma­
to s ta tin  (D) secretin g  c e l l s .  "Whether an increase in  the number o f  
glucagon and som atostatin c e l l s  i s  the cause o f  the hypoglycemia or a 
compensatory phenomenon i s  not c leq r.
As in  many other cases o f id io p a th ic  hyi)oglycemia (4 4 1 ,4 4 2 ), 
the r e su lts  o f  treatment by su btota l pancreatectomy was u n su ccessfu l. 
However, a normal blood glucose le v e l  was obtained by resuming the 
treatment, with diazoxide and ch loroth iazid e. Koppel e t . a l . (436)
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reported enlarged B c e l ls  ind icate  h y p era ctiv ity , and the i s l e t  
hy})erplasia. T iis  was considered the mori^hological equ ivalen t o f  
the hyi^erinsulinism in  the hy%)oglycemia. However, in  the present 
case ( l )  hyi)eri3lasia o f  B c e l ls  was not observed and a t l ig h t  micro­
scop ic  le v e l ,  h yp eractiv ity  o f B c e l l s  i s  not demonstrable.
In case 2, no i s l e t s  were found. Glucagon c e l l s  were seen  
m ostly in  the form o f c lu sters  and separated from the B c e l l s ,  which 
were sca ttered  between the exocrine a c in i. No PP or som atostatin  
c e l l s  were observed. These observations, however, are lim ited  by the 
fa c t  that only a sm all p iece  o f tlie pancreas was a v a ila b le  fo r  examina­
tio n . Wliether the r e s t  o f tlie pancreas had a s im ila r  pattern  o f  
endocrine c e l l s  remains uncertain .
The c l in ic a l  syndrome in  Case 2 , the boy who had been hypo­
glycem ic s in ce  the age o f 4 days and became hyperglycemic a t  the age 
o f  9 years.
I f ,  as recen tly  suggested (112 ,169), the i s l e t s  c o n stitu te  a 
fu n ction a l u n it , the lo s s  o f  normal topographic re la tio n sh ip  between 
i s l e t  c e l l s  could r e s u lt  in  a q u antita tive  inhalance in  th is  p a t ie n t .  
Tiere i s  growing evidence for control o f  the hormonal output by the 
nervous system . Some stu d ies involved  the cen tra l nervous system  in  
the regu la tion  o f  pancreatic in su lin  secretio n  (445). The p o ss ib le  
p h y sio lo g ica l importance o f these mechanisms i s  underlined by an 
increase o f plasma in su lin  concentration due to imaginary food 
in g estio n  (444). On the other hand, an unconditioned in su lin o g en ic  
r e f le x  was demonstrated in  the f i r s t  phase a fte r  ora l g lucose in take  
(4 4 5 ). In th is context, i t  might be worthwhile r e c a llin g  that the
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spiny mouse shows an abnormal in su lin  secretory  response a fte r  
stim u lation  and an apparent lack o f nerve endings among i s l e t  c e l l s  
(54)# m alfunction o f endocrine c e l l s  in  th is sp e c ia l case could
be due to the lack o f  nerve supply to the i s l e t  c e l l s ,  s in ce  these 
c e l l s  have lo s t  th eir  appropriate arrangement and are sca ttered  w ith in  
the exocrine acinar area, Die appearance o f  hyperglycemia i s  p o ss ib ly  
a consequence o f treatment with" d iazoxide, Ibgranulation o f  B c e l l s  
has been observed in  rats on chronic diazoxide treatment ( 446) ,
The ex isten ce  o f  separate is o la te d  glucagon and in su lin  sec r e tin g  
c e l l s  and the lack  o f  som atostatin c e l l s  (which a ie  u su a lly  d istr ib u ted  
p a r a lle l  to glucagon) are the d is t in c t iv e  featu res o f  th is ca se . The 
em bryological or ig in  o f  üie i s l e t  t issu e  from a common ento-dermal 
anlage with exocrine pancreas has been questioned by many in v e s tig a to r s  
( 15, 447)# In the present study, the wide spread occurrence o f B c e l l s  
among acinar t is su e , e sp e c ia lly  in  the form o f  s in g le  c e l l s ,  could  
support the transformation o f exocrine to endocrine c e l l s .  U nfortunately, 
the pancreatic tissu e  was not in v estig a ted  by e lec tro n  microscope to see  
i f  mixed c e l l s  were present as has been reported (15,25)#
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CHAPTER 7
GENERAL DISCUSSION 
AND SUGGESTIONS R)R FURTHER STUDIES
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7 î l  General D iscussion
Despite a large number o f  s tu d ie s , the id e n t if ic a t io n  o f  pancreatic  
i s l e t  c e l l s  on the basis o f  conventional h is to lo g ic a l  s ta in in g  techniques, 
i s  problem atical.
Die development o f  the immune cy to chemical techniques, w ith the 
use o f  h i ^ l y  s p e c if ic  an tisera  has g rea tly  f a c i l i t a t e d  the id e n t if ic a t io n  
o f i s l e t  c e l l  types at both the l ig h t  m icroscopic and u ltra s tr u c tu ra l  
le v e l .
The th io su lfa tio n  o f aldehyde fuchsin  (TAP) o f  B u sso la ti and Tatiana 
( 215) and the acqueous s i lv e r  n itra te  method o f Grimelius (45) were found 
simple and reproducable in  the id e n t if ic a t io n  o f  B and A (A^) c e l l s  in  
the ra t and mouse. However, the s p e c i f ic i t y  o f  s ta in in g  requires more 
in v e s tig a tio n  in  d ifferen t species and in  d iffe re n t h is to p a th o lo g ica l  
s t a t e s .  Gold toning o f s i lv e r  impregnated sec tio n s o f  the pancreas 
perm itted concurrent s ta in in g  with aldehyde fuchsin  and study o f  d if fe r e n t  
endocrine c e l l s  o f pancreatic i s l e t s  in  the same sec tio n s  sim ultaneously .
The use o f  peroxidase conjugated antibody method enabled us to 
id e n t ify  d iffe re n t hormone-producing c e l l s  o f  pancreatic  i s l e t s  in  
d iffe r e n t sp e c ie s , including man, This method was a lso  employed in  the 
id e n t if ic a t io n  o f  GIF c e l ls  in  the g a s tr o in te s t in a l tra ct o f  d if fe r e n t  
sp e c ie s .
This method has severa l important advantages over the immuno- 
flu orescen t method*
(a) Fluorescent antibody methods require sp e c ia liz e d  equipment, 
whereas peroxidase methods do n o t,
(b) P recise id e n t if ic a t io n  o f  s i t e s  reactin g  with flu o rescen t  
antiboüy may be d i f f ic u l t  because o f poor v is u a liz a t io n
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o f the non flu o rescin g  portions o f the sec tio n s  with  
u ltr a v io le t  illu m in ation ,
(c) The transient nature o f fluorescence may he a fu rther  
disadvantage with flu orescen t antibody technique,
(d) In the peroxidase method, tissu e  sta in ed  fo r  a s p e c if ic  
antigen can be e a s i ly  compared with s e r ia l  sec tio n s  
sta ined  for morphologic referen ce, arid b r ie f  osm ication  
a t the end o f the enzymatic reaction  produces a permanent 
s l id e  preparation.
(e )  The method i s  applicable to the u ltra stru c tu ra l lo c a liz a ­
tion o f  tissu e  an tigen s, s in ce  the reaction  products are 
electron  dense (249).
( f )  An add ition al and unique advantage o f th is  technique i s  i t s  
a b i l i t y  to lo c a liz e  m ultip le tissu e  antigens in  a s in g le  
specimen. Since the colour o f reaction  depended on 
se le c te d  su b strate , only one type o f la b e lle d  aritiserum
is  required.
The use o f  peroxidase or any other enzyme that i s  a v a ila b le  in  
pure form and can be sta ined  h is  to chem ically affords an am p lifica tio n  
to the d etection  o f  an tib od ies. Despite an enzyme m olecule y ie ld s  with  
a h is  tochemical substrate a m ultitude o f  v isu a l product m olecu les, the 
s e n s i t iv i t y  o f  s ta in in g  with la b e lle d  antibodies can be u su a lly  a ttr ib u ted  
to the process o f  la b e llin g  i t s e l f .
To avoid th is shortcoming, an a ltern a tiv e  method (the u n la b e lled  
antibody method) has been developed.
This method is  based on the coupling o f  immunoglobulins o f  two 
homologous an tisera  from the same sp e c ie s , one an antiserum a g a in st a
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s p e c if ic  antigen and the other a p u r ified  inimuriologically conjugated  
enzyme, Immunogluhulin complex (peroxidase-antiperoxidase complex, 
pap) acts as a v isu a l marker a fte r  incubation fo r  enzyme a c t iv i t y .  
Immunoglobulin molecules in  th is two homologous an tisera  are coupled 
by b iv a len t antibodies in  a heterologous coupling antierum produced 
in  a second sp ecies  that i s  d irected  aga in st the immunoglobulin fra c tio n  
o f two homologous antisera  (448),
This method is  probably the most s e n s it iv e  immunoperoxidase method 
currently a v a ila b le . I t  has the advantage that no chemical m od ification  
o f e ith e r  enzyme or antibody i s  necessary in  the preparation o f  reagen ts, 
thus minimising lo ss  o f  peroxidase or antibody a c t iv ity .
Although otlier enzymes lik e  a lk a lin e  phosphatase as antibody la b e ls  
have been es tab lished (449), horseradish peroxidase has been found  ^
t o  b e  the enzyme o f choice fo r  immunocy to chemical a p p lica tio n ,
I'bst recen tly , the combination o f  these two enzymes fo r  double immuno- 
enzymatic la b e llin g  in  a s in g le  sec tio n  has been reported (4 5 0 ), The 
advantage o f th is technique i s  the d etection  o f  two antigens w ith in  a 
s in g le  c e l l  ( 450) .
H is to lo g ica l stu d ies o f  d iffe re n t sp e c ie s , in clu d ing  man, revea led  
that i s l e t  c e l l s  in  any given animal have a p recise  topographical 
d istr ib u tio n  w ith in the i s l e t .  I t  was in d icated  that in su lin -p rod ucin g  
c e l l s  (B c e l l s ) ,  g lucagon-producing/cells (A 'c e lls )  and c e llo  producing  
som atostatin or a som atosta tin -lik e  peptide (D c e l l s )  are not arranged 
a t random w ithin the i s l e t s .  Die fou rtlicell ty})e which produces pan creatic  
poly])eptide or PP was not found in  a l l  i s l e t s .  The frequency o f  PP c e l l s  
varied g rea tly  betn^een d ifferen t sp ec ie s ; a lso  between d if fe r e n t  regions  
o f the pancreas. However, in  the r a t and mouse th is c e l l  type was found 
only p er ip h era lly . In sj»stematic study o f ra t pancreas, two d is t in c t
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i s l e t  populations were found, d if fe r in g  in  th e ir  c e llu la r  content and 
topographical lo c a tio n . Host o f  the i s l e t s  showed a ty%)ical peripheral 
rin g  o f  A c e l l s ,  but very scarce PP c e l l s ,  while some o f  the i s l e t s  
contained numerous periphera lly  located  PP c e l l s ,  but very few A c e l l s .  
These two d if fe re n t i s l e t s  were ca lled  by Orci £ t .  a l . (515) "glucagon 
i s le t "  and "PP is le t "  re sp e c tiv e ly .
Based on the s itu a t io n  in  the human and supported by the stim u latory  
e f f e c t  o f  glucagon on in su lin  secretio n  in  v itr o  ( 165) , there has been 
a widespread b e l ie f  that the interm ingling o f both A and B c e l l s  w ith in  
the i s l e t s  may have a fu nctional s ig n if ic a n c e . However, tlie r e la t io n  
between A and B c e l l s  varied g rea tly  between d iffe re n t s p e c ie s , a lso  
between d iffe re n t regions o f  the pancreas. In man, whereas some i s l e t s  
showed few peripheral glucagon and soma tos ta tin-producing c e l l s ,  others  
contained large numbers o f these c e l l s  d istr ib u ted  around the periphery  
o f  the more cen tra lly  located  B c e l l s  in  the large i s l e t s .  Bpple and 
Lewis (7 ) reported that an in tra in su la r , a t  random,mixing o f  d if fe r e n t  
i s l e t  c e l l  types, as found in  the adu lt human, i s  not very common. In  
ad d ition , on a phylogenetical s c a le , there i s  a great tendency to separate  
A and B c e l l s  rather than to mix them. Grouping o f  the i s l e t  c e l l s  
w itliin  certa in  regions o f  the i s l e t s  i s  ty p ica l for  various amphibians, 
various r e p t ile s  and birds (7) .  Therefore, lo c a l in ter a c tio n  o f  glucagon  
with the in su lin  secretion  must be  ^ p h y lo g en etica lly  uncommon mechanism, 
i f  i t  plays a ro le  a t a l l ,
A most s tr ik in g  feature in  the d iffe re n t sp ecies  examined was 
tlie p a r a lle l d istr ib u tio n  o f  A and D c e l l s ,  which seemed fa r  too 
co n sisten t to be a coincidence. In the ra t and mouse, in  wliich the 
glucagon-producing A c e l l s  occupied the most peripheral area o f  the
i s l e t s ,  the D c e l ls  formed a sparse layer in  c lo se  proxim ity to the 
outer A c e l l  sheath and peripheral to the great mass o f  the cen tra lly  
located  i s l e t  c e l l s  composed o f  B c e l l s .  In man, in  add ition  to th eir  
gen era lly  peripheral lo ca tio n , A and D c e l l s  tended to be grouped 
together w ith in  the i s l e t s .  In view o f  the in h ib itory e f f e c t  o f  
som atostatin on both in su lin  and glucagon sec r e tio n , i t  i s  suggested  
( 112) that the arrangement o f A, B and D c e l l s  i s  important to the 
normal and path o log ica l func tion ing o f  the i s l e t .  The he ter o c e llu la r  
region o f  the i s l e t s  o f Langerlians could be the a c tu a lly  responsive  
dynamic component which p a rtic ip a tes  in  the rapid moment to moment 
changes in  in su lin  and glucagon r e le a se . In h ib itio n  o f  glucagon 
secretio n  by in su lin  and in su lin  by in su lin  could be mediated by D c e l l s  
( 158) ,  The cen tral hom ocellular B c e l l  mass, by co n trast, could be a le s s  
dynamic, but steady, s i t e  o f in su lin  production, carrying the burden o f  
the continuing basal and anabolic hormone requirem ents.
In add ition  to th eir  anatomical proxim ity, a q u a n tita tiv e  r e la t io n ­
ship between A and D c e l ls  a lso  appears to e x i s t .  An in crease  in  the 
number o f A c e l l s  in  hyperglycemic mice was a sso c ia ted  with an abundance 
o f D c e l l s .  This q uantitative re la tio n sh ip  has been shown in  d if fe r e n t  
h is  top athological s ta te s ,  e ,g ,  in  dark i s l e t s  o f  birds and in  human 
ju ven ile  diabetes ( l5 8 ) .  So fa r , s oma tos ta t in -  con ta in in g  c e l l s  have
been found in  the absence o f  glucagon-con ta in ing  c e l l s  only in  a canine
1
unicate process ( 516) ,
In v estig a tio n  in to  two c l in ic a l  cases in  man, o f d isturbed i s l e t  fu n ction  showed 
the absence o f glucagon c e l l s  in a soma tos ta tin  sec r e tin g  tumour, and the 
lack o f  som atostatin c e l l s  in  a hypoglycemic p a t ien t. In ad d ition  to the 
id e n t if ic a t io n  o f  GIF on the g a s tr o in te s t in a l tra ct o f  d if fe r e n t  sp e c ie s .
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inclu d ing  man, the use o f  the same an tisera  revealed  the presence o f  
GIF immunoreactive m aterial in  the glucagon c e l l s  o f  d if fe r e n t sp e c ie s ,  
excluding man. The present immunoliis to chemical observations are 
s im ila r  to the find ings o f  Smith e^, (540) and Alumets e^,
(528), who described pancreatic glucagon c e l l s  d isp lay in g  GIF immuno­
reac t iv i t y ,  Alume ts e t ,  a l , (528) a lso  found GIF immunoreac t iv e  m aterial
in  glucagon c e l l s  tiiroughout the gut in  d iffe re n t s p e c ie s . They proposed
that immunization with GIF might generate a t le a s t  two d if fe r e n t types 
o f a n tisera , one which demons tra tea GIF immunoreac t iv i t y  in  the in t e s t in a l  
K c e l l s ,  and another which demonstrates GIF immunoreac t iv i t y  a lso  in  
the glucagon c e l l s  o f  pancreas and gu t. However, i t  remains to be 
esta b lish ed  whether the GIF immunoreac tiv e  m aterial p resen t in  c e l l s  
sto r in g  glucagon i s  id e n t ic a l w ith GIF or i s  a cro ss-rea c tin g  p ep tid e .
Since ex tracts  o f pancreas or colon have never been found to contain  
more than traces o f  GIF immunoreac t iv i t y  (451 ,452), i t  i s  n ot incon­
ceivab le that the GIF immunoreac tive  m aterial present in  these lo ca tio n s  
i s  d is t in c t  from recognized form o f  GIF, and that i t  i s  e ith e r  not  
ex tractable with the procedures used or degraded during e x tr a c tio n ,
Purtlier stu d ies  , are required a t e lec tro n  microscope le v e l  to id e n t ify  
whether immunoreac tiv e  GIF i s  stored  in  d iffe re n t granules or taken
up by A (A^) c e l l  receptors from the c irc u la tio n ,
Inves t ig a tio n  o f i s l e t  c e l l  population in  spontaneously obese
I  *
mice and fa t ty  rats showed the hyperplasia o f B c e l l s .  In young 
animals the hyi)eiq)lasia was o f moderate magnitude, which progressed  
in  se v e r ity  as the animals grew o ld er . B esides, the i s l e t s  o f  obese 
animals showed severa l other in te r e s t in g  c h a r a c te r is t ic s . D isp lace­
ment o f  the c e l l  populations from th e ir  c h a r a c ter is t ic  lo c a tio n  was
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common in  a l l  obese anim als. Die normal "mantle" arrangement o f  
peripheral c e l l s  was broken up and they seemed to dissem inate over 
the i s l e t  area. This mis arrangement o f c e l l s  was most d is t in c t  in  
large i s l e t s .  Within the i s l e t s  the mass o f beta c e l l s  seemed to 
flu ctu a te  num erically, in v erse ly  to the remaining non B c e l l  population , 
but in  obese mice with G57BL/6j background, a lte r a tio n  in  the proportion  
of any endocrine c e l l  ty^ies during hyqierglycemic syndrome was accompanied 
by a ltera tio n s  in  the proportion o f  the other endocrine c e l l s .  The 
presence o f  a r e la t iv e ly  high number o f  glucagon c e l l s  in  th is s tr a in  
with the hyperplasia o f beta c e l l s  would suggest a bihormonal d isorder  
o f hyi)erglycemia in  these anim als. Die re i s  now evidence that hyper­
glycemia i s  accompanied by r e la t iv e  or absolute hyperglucagonaemia.
None o f  the i s l e t  c e l l  types was lacking in  obese anim als. There­
fo re , a t the present time no morphological couriteri)art to the famous 
"lacking factor" (576,577) in  the i s l e t s  o f obese ra ts  or mice can be 
given ,
Immunohis to lo g ic a l study o f  a humari pancreatic tumour revea led
sca ttered  c e l l s  reactive  to a n ti som atostatin  antiserum . R ecently,
severa l cases o f  i s l e t  c e l l  tumours or even "exclusive" c e l l  tyq^ e have
been described and referred  to as som atostatinem ia. The present case
f a l l s  in to  th is categoiy , but the c l in ic a l  p ictu re d if fe r s  so markedly
from that o f  the preceding case that i t  would not be prudent, a t the
1
present time, to attempt to describe a somatos ta tinoma syndrome.
H isto lo g ica l study o f pancreatic sec tio n s from two hypoglycemic 
p atien ts  revealed two d is t in c t  patterns o f pancreatic i s l e t  c e l l s .  In 
case I ,  the structure o f i s l e t s  was normal. Few i s l e t s  showed an increase  
in  the number o f  glucagon and som atostatin  c e l l s .  The second case ,
z y o
unlike the f i r s t ,  showed abnormal i s l e t  c e l l s .  In fa c t  no i s l e t  with  
i t s  normal arrangement o f d iffe re n t c e l l  types was observed.
These two d ifferen t patterns o f  pancreatic i s l e t s  gave no idea  
o f the c la s s if ic a t io n  o f  i s l e t  abnormality in  hypoglycemic syndrome.
Althougii there i s  evidence that in  concert with i t s  b iological 
antagonist in s u lin , tlie glucagon p a r tic ip a tes  a c t iv e ly  from fo e ta l  l i f e  
u n t il  death in  moment to moment regu la tion  o f  glucose and amino acid  
metabolism, however, i t s  p rec ise  ro le  in  d iffe re n t p ath op h ysio log ica l 
s ta te s  i s  unclear. At p resent, a method which produces experim entally  
glucagon d efic ien cy  has not been e sta b lish ed . H olst e t . a l . (414) 
produced glucagon d efic ien cy  by adm inistration o f  glucagon, but i t  was 
tran sien t and not u sefu l for  long term study. Cobalt ch loride and neu tra l 
red were reported cy to tox ic  agents (592 ,395 ,596), However, none o f  the 
in v estig a to rs  used immune cy to chemi s t ry or radioimmunoassay methods fo r  
d etection  or measurement o f glucagon w ith in  c e l l s  and in  plasma. In  
the present study on the b asis  o f these two te cliniques, both cob a lt  
chloride and n eutral red were found to be in e f fe c t iv e  in  r a t s .  Die 
e f f e c t  o f  these two reagents was not te sted  in  other sp e c ie s .
Chemical an alysis o f  plasma for  g lu cose , FPA, T rig ly cer id e , in s u lin  
and l i is to lo g ic a l in v e s tig a tio n  o f  glucagon immunized ra ts  did n ot show 
s ig n if ic a n t  d ifferen ces compared with co n tro ls . Since the ra ts  produced 
poor an tisera  against glucagon, i t  is^uncertain  whether the immunization 
o f  animals against glucagon can be a model fo r  study o f  glucagon d e fic ie n c y  
or n o t.
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7:2 Suggestions for  Further Studies
The present h is  to chemical in v e stig a tio n  has been lim ited  to 
q u an tita tive  a sp ects . Since the change in  i s l e t  function  in  d if fe r e n t  
ph ysiop athological s ta te s  could be q u a lita tiv e  rather than q u a n tita tiv e , 
determ ination o f  the volume and in te n s ity  o f  s ta in  o f  the d if fe r e n t  
c e l l  types w ith in  the i s l e t s  could produce more in f o i^ t io n  on the 
formation and secretion  o f  the hormones, MoiqDhometr ie  arialysis has 
been applied to flu orescen t and e lec tro n  microscopy methods and thus 
could be applied to quan tita tive  secretio n  o f  the hoimones. Further­
more, the use o f  densitometers with the immunoperoxidase method i s  
p o ssib le  with the lig h t  micros cope, and as the reaction  product i s  
elec tro n  dense, tlie immunoperoxidase method i s  app licab le  to the u ltr a -  
stru ctu ra l lo c a liz a t io n  o f aritigen in  the t is s u e s , (The u n lab elled  
enzyme method o f  Strenberger (448) has liiglier s e n s i t iv i t y  and i s  tlius 
more s u ita b le .)  These qu antita tive methods should be app lied  to the 
obese rats and mice and humart cases with pancreatic hormone inb alance.
I t  i s  not Icnown whether the immunoreac tiv e  GIF i s  stored  w ith in  
granules in  the c e l l  or i f  i t  i s  taken up from the c ir c u la t io n . The 
so lu tio n  to th is problem might be achieved by an . inves t ig a t io n  o f  GIF 
w ithin  glucagon c e l l s  a t the e lec tro n  m icroscopic l e v e l .
The i n i t i a l  stud ies on glucagon secre tio n  in  immunized ra ts  were 
u n su ccessfu l. This was thou^it to jbe due to the poor production o f  
an tisera  to th is  hormone with the r a t . Further in v e s t ig a tio n  o f  th is  
problem could be made using other s tra in s  o f  r a ts , or other s p e c ie s ,  
and a longer immunizing procedure. Rabbits have been found to be 
su ita b le  animals for  the production o f  high t i t r e  a n tisera  to glucagon.
3 0 0
In order to study the comparative e f f e c t s ,  the immunization o f  d if fe r e n t  
sp ecies  against d ifferen t pancreatic hormones i s  suggested .
Further examination o f  a l l  ava ilab le  human cases with c l in ic a l  
pancreatic hormone imbalance should include h is to lo g y  methods fo r  
l ig h t  microscopy fo r  A and B c e l l s ,  and e lec tro n  m icroscopy, as w e ll 
as immunological methods for  hormones,
Since d iffe re n t sp ecies respond to exogenous compounds d if fe r e n t ly ,  
the in v e s tig a tio n  o f the e f f e c t  o f n eu tra l red and cob alt ch lorid e  in  
other sp ecies  i s  a lso  suggested.
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Appendix
G enera l  p ro toco l  fo r  the p roduc t ion  of a n t i s e r a  to Gut Hormones
S i n c e  gut ho rmones  a r e  only weakly immunogenic on t h e i r  own,  it
is n e c e s s a r y  to couple  them to a  l a rge  m olecu la r -w e igh t  c a r r i e r  p r o t e i n  
p r i o r  to t h e i r  in ject ion into host  an imals  for  a n t i s e r a  p ro d u c t io n ,  in o r d e r  
to i n c r e a s e  t h e i r  immunogenec i ty . The hormone must  be coup led cova len t ly  
to the c a r r i e r  p r o t e i n  and the cova len t  l inkage is achieved in the c a s e  of 
th is  group of ho rm ones  no rmally  by the use  of the g lu ta ra ldehyde  c o n d e n s a ­
t ion method of Re ich l in  e^. aj_. (419) (1968).  A number of modif ica t ions have 
been  in t roduced  into this  methodology and the following p ro toco l  ( M o r r i s  6 
M a rks ,  a s  yet unpubl ished)  was followed to p r e p a r e  the immunogens of 
C - p e p t i d e ,  G I F ,  glucagon,  in su l in ,  p a n c re a t i c  polypept ide  and so m a to s ta t i n .
The  above  hormones  w e re  obtained from the following s o u r c e s :
Insu l in  -  P o r c i n e  (Novo, Copenhagen)
G I F  -  B ro w n ,  V ancouve r ,  Canada
Glucagon -  P o r c i n e ,  Eli  Li lly,  yvindlesham, U . K .  (gift)
C -p e p t id e  -  syn the t ic  human,  Hôechs t  A . G . ,  F r a n k f u r t  (gift)
P a n c r e a t i c  po lypep t ide  -  bov ine .  D r .  R . E .  C h a n c e ,  El i Li l ly ,  Ind ianapo l i s
(gift)
S om atos ta t in  -  s y n th e t i c ,  c y c l i c ,  Beckm ann,  G e ne va ,  (gift)
Between  100 and SOOug of the hormone in ques t ion  w e r e  weighed  out 
on a m ic ro b a l a n ce  and d i s s o lv e d  in 1ml of " s t e r i l e  w a te r  fo r  in je c t i o n " .  In 
some c a s e s  it was  n e c e s s a r y  to f i r s t  d i s s o lv e  the ho rmone  in a few d r o p s  of 
a c id ,  e . g .  0 .0 1N  HCI, o r  a lk a l i ,  e . g .  O .b lN  NaOH, b e fo re  adding the s t e r i l e  
w a t e r .  A quant i ty  of the c a r r i e r  p r o t e i n ,  ovalbumen (egg albumen p o w d e r ,
BDH),  equiva len t  to twice the weight  of hormone taken^was added to the 
so lu t ion  of the hormone  and d i s s o lv e d  b e fo re  f inal ly  adding 200 ul of 1:100
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g lu ta r a lde hyde  so lut ion (TAAB L a b o r a t o r i e s , Reading) .  The whole m ix ture  
was  then taken  up into a 5 ml s y r in g e  and quickly emulsif ied with 2 volumes 
of Complete  F r e u n d ' s  Adjuvant  conta ined  in a second  s y r i n g e  and joined  to 
the f i r s t  by means of a P T F E  s y r in g e  c onne c to r  (Wellcome R e a g e n t s  Limited,  
Beckenham , Kent ) .  When a s t a b l e  emulsion was  a t t a in e d ,  it was  then 
in jec ted  into the host  animal .
White ha lf - lo p  r a b b i t s  (Ranch Rabb i ts  Limited,  C r a w le y  Down,  S u s s e x )  
approx im ate ly  3 months o ld ,  w e r e  used  to p roduce  all the  a n t i s e r a  invo lved.
The  immunization pro toco l  fol lowed was  that  of Vai tuka i t i s  e^. aj_. (418) (1971).
It is t e rm ed  the m u l t i s i t e ,  low d o s e ,  in tr adermal  p r o c e d u r e  s in c e  v e r y  small 
d o s e s  of immunogen a r e  injected at  a l arge  number of s i t e s  into the de rm al  
l a y e r s  of the back of the animal c o n c e r n e d .  In this  p r o c e d u r e ,  the back  of 
the animal  is f i r s t  of all shaved  and the emulsion injected in 50 ul amounts  
at 60 -  70 s i t e s  a long the b a c k .  The an imals  w e re  bled from the l a t e ra l  e a r  
vein  at weekly  i n t e r v a l s  f rom day  28 o n w a r d s .  The  p r inc ipa l  ad v a n ta g e s  of 
th is  t echnique  a r e  that  f i r s t l y ,  it r e q u i r e s  a much s m a l l e r  quant i ty  of immunogen 
to e l i c i t  the same  ant ibody r e s p o n s e  a s  that  a t t a ined  by the i n t r a - m u s c u l a r  
r o u t e ,  and s e cond ly ,  the an imals  do not r e q u i r e  to be  boos ted  in o r d e r  to 
p ro d u ce  a u sa b le  a n t i s e ru m .
The  blood is  co l l ec ted  in a d r y ,  s t e r i l e  g l a s s  un iv e r s a l  bo t t l e  and 
al lowed  to c lot  ove rn ig h t .  The fol lowing morn ing ,  the clot  is  removed and 
the se ru m  cen t r i fuged  at 2500 r . p . m .  in 'a  r e f r i g e r a t e d  c e n t r i fuge  fo r  at  l ea s t  
20 min.  The c l e a r  s e r u m ,  f r e e  f rom red  blood c e l l s ,  i s then d e c an te d  off into 
a n o th e r  u n ive r sa l  bot t le  and 10% sodium az ide  added at  the r a t e  of 100 u l /1 0  ml 
s e r u m ,  which is  then s to r e d  at 4 ° C .
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Method o f KcGüi^arx (420. 421)
Img o f  SHGj 1-17 ( i . e . I . )  sea led  ampoule clamped v e r t ic a l ly  orx
a magnetic s t ir r e r ,  0.4ml M-dimethyl formamide added, 0.6ml 0.041i PO^
bu ffer  pH 7 .4  added to ampoule, lOmg egg albumen d isso lved  in  0.4ml
0.0414 K)^ b u ffer  pH 7 .4  and added to g a str in  in  ampoule, 4ing Gthyl
carbodiimide d isso lved  in  0.2ml 0.04M PO^  buffer and added slow ly  to
contents o f  ai%)oule.
Reaction mixture s t ir r e d  Overnight at room tem peratum slnwly
Ratio Peptide Carrier Ethyl
Hormone . Protein  Carbodiimide
in  mg 1 10 4
in  m  0.000455 0.000147 0.02094
1 0.525 46.02
Production o f  Antiserum to GIP.
Two 5 month old h a lf - lo p  rabbits (high antibody producing s tra in :  
Ranch Rabbits L td ., Crawley Down, Sussex) were each primed w ith a 
conjugate contain ing 95 ng porcine GIP. The hormone was coupled to 
ovalbumin (BIH) by means o f the glutaraldehyde condensation technique 
(419) and used without d ia ly s is  w ith in  one hour o f  preparation . The 
conjugate was em ulsified  with Freund's complete adjuvant (r a t io  2 v o l 
o i l : l  vo l water) and in jec ted  intraderm ally (50 u l em u ls io n /s ite ) on 
the backs o f  the animals a t approximately 60 s i t e s  according to the 
method o f  ( 4I 8 ) .  Hie animals were  ^boos ted-intram uscularly a f te r  f iv e  
months w ith 100 ug o f conjugated GIP and again a t seven months witli 
2.5ug o f unconjugated GIP intravenously . At e ig h t months the animals 
were reprimed with lOOug conjugated GIP as before. Following th is  
regime both animals produced antibodies to GIP, one with a t i t r e  o f  
1*57 000, the other with a t i t r e  o f  1:25 000.
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